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How Empire-Reeves 
gets better quality 
silicon steels, faster 


Overall view of the Lee Wilson Open Coil Annealing 
installation at Empire-Reeves’ Mansfield, Ohio, plant 
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HIGH PRODUCTION ANNEALING SYSTEMS 


MAKE 


% ORIGINATORS AND LEADING PRODUCERS OF OPEN COiL AND SINGLE STACK FURNACES 


Lee Wilson open coil 

annealing improves uniformity, 
facilitates delivery, reduces 
inventory at Empire- Reeves 


“Improved customer service,” reports Donald 
W. Frease, President of Empire-Reeves Steel 
Corporation,” is just one of the assets the 
addition of the Lee Wilson Open Coil Annealing 
has given Empire.” 

“We can now process orders with much 
greater speed,” he continues, “yet we can 
reduce our inventory in the annealing depart- 
ment, because—by opening the coil—hot ' 
gases can saturate the entire coil in a fraction 
of the time previously required. Cool-down 
is just as efficient. 

“The quality of our silicon steels, as well as 
others processed through the Open Coil 
system, is vastly improved because the heat 
quickly reaches every square inch of the 
surface of the steel coil. This means it receives 
a perfectly uniform anneal with an absolute 
minimum of hardness variation. Because we 
are handling individual coils instead of 
continuous strip we have wonderful flexibility. 
We can process short orders as easily as long runs. 

“The Lee Wilson Open Coil Process thus 
enables us to improve our customer service 
and our product, and at the same time, gives 
us the most efficient annealing system 
available today,”’ Mr. Frease, concludes. 

If a better product or more efficient anneal- 
ing department appeals to you, why not get 
the last word on annealing practice. The 
Lee Wilson sales engineer in your area will be . 
happy to meet with you at your convenience. 

Donald W. Frease, President of Empire-Reeves Steel Corporation 
(center), teils J. L. Whitten, Vice President of Sales of Lee Wilson 


(right), and £. G. Fenton of Empire, the results of Open Coil 
Annealing at Empire after the first few months of operation. 
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Cover: The striking photograph of the Air Force Titan ICBM illus- 
trates the theme of this March issue — Producing for the New Tech- 
nologies. The 110-ton Titan (shown on the launching pad before its 
first guided test flight from Cape Canaveral) is anall by a guidance 
system produced by Western Electric Co., which provided the photo. 


Technical News in Brief 
New Brazing Furnace for Large Rocket Engines . . . Engine Blocks and Heads Cast 
by Semi-Permanent Mold Process . . . Stainless Steel Used in Auto Mufflers . . . Two- 
Pass Welding of Thick Aluminum Plates . . . Progress in Nonmetallic Materials . . . 
Metal Powder Compacted in Big Gun Barrel . . . Direct-Reduction Copper Plant 


Western Metal Congress and Exposition 


Producing for the New Technologies 


Metals and Fabrication Methods for the B-70, by Wayne A. Reinsch ......................4. 


The speed and altitude of the B-70 results in skin temperatures of 450 to 630° F., 
which means that steel and titanium alloys must be used as structural materials. An 
all-brazed hydraulic system for operation at 450° F. and 4000 psi. gives considerable 
weight savings. Revealed are details on types of metals and the precision techniques 
employed in fabrication of the B-70. (T24, G-general, K8, 17-57; SS, Ti-b, TS, SGA-h)* 


For Stronger Missile Cases . . . Decarburizel, by John M. Lynch ...................-....-.. 


The trend to higher strength in sheet steels for rocket cases has been slowed by two 
drawbacks: the drop in toughness and the increased susceptibility toward notch sensi- 
tivity which goes along with these greater strengths. Surface decarburization is sug- 
gested as a means for toughening the sheet surfaces. (J4a; ST, AY) 


Materials for Uncooled Rocket Nozzles, by A. V. Levy ............0:.2cccceeeeeeneeeeeees 


Though molybdenum and tungsten are being used today for uncooled rocket nozzles, 
rising temperatures are expected to bring in more durable graphites, carbides and ce- 
ramics. (T2p, 17-57; SGA-h, Mo, W, NM-f, NM-k36, 6-69) 


Fabricating the Titan Propulsion System, by W. M. Boam 


In designing the engine for the Titan ICBM, engineers have come up with a complex 
but reliable package which mates metals and nonmetals. (T2p, K-general, K8, SS, AY, 


SGA-h, Ni-b, Al-b) 


Predicting Very-Short-Time Creep Behavior for Missiles, by S. F. Frederick ............... 


Conventional time-temperature parameters may be applied to very-short-time creep 
data. (Q3, 1-54) 


Dyna-Soar . . . a New Technology, Staff Report 


In the fabrication of winged re-entry vehicles, engineers must apply revolutionary 
concepts to meet severe material requirements. (T24e, L-general, 17-57; SGA-h, EG-d) 


Brazing Missile and Electronic Components in Dry Hydrogen —I, by H. E. Lewis ......... 


Because dry hydrogen is highly reducing to most oxides at high temperature, it makes 
an excellent brazing atmosphere. But successful brazing in dry hydrogen requires 
careful consideration of many factors. (K8; SS, SGA-h) 


Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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New Alloy Supertherm” proves itself 
in 2300 degree 
fahrenheit 


brazing furnace 


In a brazing furnace for the thrust cham- 
bers of rocket engines at Rocketdyne 
Division of North American Aviation, 
Inc., Canoga Park, Cal., a Supertherm 
furnace hearth grid assembly is operating 
at a temperature of 2300° F. The grid in 
a furnace built by the General Electric 
Company’s Industrial Heating Depart- 
ment at Shelbyville, Ind., supports the 
engine parts during a brazing cycle of 
from five to eight hours with a maximum 
temperature of 2300° F. At this extreme 
temperature and under severe conditions 
of thermal fatigue created by the brazing 
cycle, the Supertherm grid has performed 
successfully over one year. 


Supertherm is Electro-Alloys’ new alloy 
for the 1800 to 2300 degree fahrenheit 
range. The composition of Supertherm 
is 26% chromium, 35% nickel, and is 
strengthened and stabilized with cobalt 
and tungsten. For technical information 
about the composition, physical and high 
temperature properties of Supertherm, 
fill out and return the coupon or contact 
your local Electro-Alloys representative. 


*Supertherm is a patented alloy. 


4 


Electro-Alloys Division 
3013 Taylor Street, Elyria, Ohio 
Please send technical information on SUPERTHERM. 


Address 


Supertherm hearth grid segment during furnace construction. 
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"Brake Shoe | ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Metal Progress 


Problems of Machining Space-Age Metals, by L. A. Hauser and M. C. Metzger ............. 


As hardness increases, machining the super-alloys and ultra-high-strength steels be- 
comes progressively more difficult. This article offers suggestions on machining alloys 
with hardness in some instances over C-50. (G17, AY, Ni-b, Co-b, TS, SS, SGA-h) 


Design and Manufacture of Reactor Vessels, by D. K. Davies ..................00..0000 


Difficulties arise from ignorance about radiation damage to steel and welds, from 
laminations and inhomogeneities in the plate, from lack of standardized test and in- 
spection methods, and from limited experience with operating reactors. (T11, T26q) 


Trends in Materials for Reactor Control Rods, by J. B. Giacobbe ...................2..05. 


Rods made from a cadmium-indium-silver alloy and a stainless steel containing boron 
are being investigated in commercial reactors. Rare earths also look promising. (T11j, 
17-57; Hf, Ag-b, Cd, In, SS, EG-g) 


Materials and Fabrication Methods for the Bomarc, by R. H. Nelson ..................... 


Backbone of the Bomarc is a series of tanks made from stainless steel and aluminum 
alloys. Titanium spars support the control surfaces and the tail assembly is covered 
with a magnesium alloy skin. (T24e; SS, Al, Ti, Mg) 


Refractory Coatings for High-Temperature Protection, by John V. Long ................. 


Base metals can be made more heat resistant by converting them to “composites” with 
techniques that modify the surface or apply a refractory coat, such as glassy and 
matte ceramics, cermets, metallic and diffused metallic coatings. (L27, L15, L23, 2-62) 


Brazing Shortcuts for the B-58, by D. R. Torgeson and J. J. Kenna ..................-..- 


Several devices and methods have been developed to lower brazing costs and shorten 
brazing time of honeycomb panels. (K8; SS, Al) 


Welding Stainless by Electron Beam, by C. R. Lehmann and E. G. Littell ................. 


Prizewinner in the 14th Annual A.S.M. Metallographic Exhibit. 


Brazing Ceramics to Metals, by Leom Lermam ............--:cccccccsccccccccccscereess 


Two methods, the “molybdenum-manganese” and the “active alloy”, have been devised 
for joining ceramics to metals. (K11b, K8) 


Inspecting Jet Engine Parts With Eddy Currents, by R. L. Lipe .....................+54. 


Periodically, turbine wheels in jet engines have broken, resulting in accidents costly 
in both aircraft and lives. The need for a test which can detect defects at the operating 
base level before they cause such failures has been met by the portable eddy current 
tester. (S13h, Q3q, T7h) 


Data Sheet Bronzes for Pump Castings ............ 
Machining A-286, Solution Treated and Automatic Temperature Control ....... 
Aged to Brinell 321 .................. 100-B New Metallographic Techniques ....... 
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Forming Corrugations to Close Tolerances, Vapor Deposition of Metal ............ 
by Arthur Morefield sae 132 Strain Energy Criterion for Fatigue 
Correspondence Failure 
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136 
by R. H. Thielemann ................... 136 — a 
Aging Refractory Metals .................. 172 
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what’s the 
handiest 
alloying 
nickel 
you can 
buy? 


By the drumful, shovelful, scoopful, handful, or spoonful 
... Sherritt nickel is about the most convenient alloying 
metal you can buy. No wrestling with unwieldy plates. No 
cutting or hacking. High-purity Sherritt nickel comes to 
you in handy briquettes and in three grades of powder 
for faster, easier alloying. These powders and briquettes 
go into solution more rapidly with less chilling. You can 


make alloying additions at the end of the heat. Special 
nickel grades and coated powders are also available. 

Foote MINERAL COMPANY is the exclusive sales agent for 
Sherritt nickel and cobalt in the United States and Canada. 
For complete illustrated brochure with prices and delivery 
information, contact the Foote Mineral Company, 424S 
Eighteen West Chelten Building, Philadelphia 44, Pa. 


SHERRITT GORDON MINES LIMITED 
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"Those wxo HAVE REASON to look at Metal Progress’ “masthead” 
(the column appearing monthly as p. 7) will note that this month 
for the first time the name of 


Marjorie R. Hystop, Managing Editor 


is missing. This is because she is now devoting all of her time to 
other duties. Fer 17 years—since its beginning —she has been 
editing Review of Metal Literature, and is probably the only one 
alive who has read every one of the 175,000 annotations which have 
been printed since then. The annual chore of indexing this material 
adequately enough to be useful made her an enthusiastic supporter 
of A.S.M.’s research project at Western Reserve University, started 
in 1955, to devise and test electronic methods for searching metal- 
lurgical literature. This project has been completely successful, 
and her new job, “Manager of Documentation Service”, will require 
all her available time and energy to supervise the digesting oper- 
ations, the encoding of the information on magnetic tape, the analy- 
sis of customer’s questions in terms the machine can understand, 
and the sale and promotion of the service to customers scattered 
world-wide. 

Marjorie Rud was waiting in Cleveland in mid-summer 1930 when 
the editor of Metal Progress arrived, and helped him get out the 
first issue that September. For 15 years she not only acted as secre- 
tary to Metal Progress’ editor but also did much of the editorial 
work on Metals Review. (MR meaning Marjorie Rud and MR 
meaning Metals Review sometimes got mixed up, but they meant 
much the same thing. Then she took a new title, Mrs. John A. 
Hyslop.) In the mid 1940's the increasing work on Review of Metal 
Literature and a belated expansion of the editorial and clerical 
staff on Metal Progress warranted her dropping Metals Review and 
assuming such activities on Metal Progress as is indicated by the 
title “managing editor” — this in addition to the growing work on 
Review of Metal Literature. As mentioned above, in the future her 
work will be concentrated on documentation, but the doors to her 
office lead to those of her old associates on Metal Progress, and they 
are still open. 

Another thing should be mentioned: She was secretary (and 
spark plug) of a committee of experts which devised and keeps 
up-to-date the Metallurgical Literature Classification of the Ameri- 
can Society for Metals and the Special Libraries Assoc. — widely, 
even internationally, used. 

We all were worried that we would lose her when A.S.M. moved 
its offices way out in the country east of Cleveland, for John and 
Marjorie Hyslop were life-long residents of Lakewood, to the west, 
and were power-boat enthusiasts. Metals Park is about 25 miles 
from the nearest harbor on Lake Erie. However, they bought a 
charming old farm house on Lake Lucerne, about five miles from 
the office, spent a small fortune in modernizing its kitchen, and 
get their exercise trimming the greenery and paddling a canoe. 

Those who have noted Marjorie Hyslop’s absence from this 
month’s masthead probably have wondered about several other 
changes on p. 7. April Press Breaks will have more about our 
revised masthead. Tue Eprrors 
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After an initial ‘‘breaking-in” period, this 
large LOMA slab casting and sawing 
installation is now in full production at 
the aluminum sheet rolling mili of the 
Quaker State Metals Company, Lancaster, 
Pa., a division of Howe Sound Company. 
Capable of producing six 74% in. x 52 in. 
x 144 in. aluminum alloy slabs simul- 
taneously, the LOMA semi-continuous 
casting machine turns out all the ingots 
required for the processing of sheet, strip 
and coil. From a quality point of view 
these continuously cast slabs are greatly 
superior to those formerly cast in con- 
ventional book molds, particularly since 
one of the methods by which the grain 
size of the cast material can be con- 
trolied is by regulating the casting speed. 


For subdividing and trimming the 12 ft. 
long sheet ingots, Quaker State has also 
installed a LOMA high-speed circular saw 
capable of cutting through a 12 in. x 
52 in. aluminum alloy section in about 
one minute. The sawing machine is of 
the overhead sliding carriage design and 
employs a 48 in. diameter biade cutting 
at a speed of 6000 ft. per min. The 
sawing installation includes a slab charg- 
ing conveyor, an automatic length stop, 
a slab discharge conveyor and a chip 
removal unit. This fully mechanized stock 
handling equipment combined with the 
extremely fast feed movement of the saw 
allows a single operator to run the entire 
installation at a very high production rate. 


MACHINE MFG. 


New York 16, N. 
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BRAZED 


SEAMLESS 


TEFLON* COATED 


Right Side Coated 


*Reg. T.M. of DuPont Company 


These are just 3 of the many wire cloth specialties Cam- : 
bridge can produce for you—no matter how large or small 2% 
a quantity you need. Or, if you have an extra-special 
problem, there’s an expert on hand to discuss your special Zs 
needs . . . your Cambridge Field Engineer. He can show 

you how to get the results you want—in the quickest 

possible time at the lowest possible cost. 


If Your Problem Involves Standard Metals or Alloys... 
we make wire cloth from any metal or alloy that can be 
drawn into wire . . . in nine basic weaves, and with accurate 

mesh count and mesh size. Ask about immediate deliveries 
from our enormous stocks of the most frequently used 


wader “Wire Gieth.” Call on types of cloth in a wide range of mesh sizes. 
him at any time. Or, write for 


Refer to our technical data sheets in CHEMICAL ENGI- 
NEERING CATALOG, Pages 185 


THE CAMBRIDGE WIRE CLOTH Co. 


DEPARTMENT B e CAMBRIDGE 3, MARYLAND 


Manufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts, Wire Cloth, 
Wire Cloth Fabrications and Gripper® Metal-Mesh Slings. 
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Chart record shows 6 components of furnace atmos- 
phere measured cyclically by Furnace Gas Analyzer 
(inset). 


NOW a Furnace 
Gas Analysis 
COMPLETE, 
ACCURATE, 
AUTOMATIC 


The new Perkin-Elmer Furnace 
Atmosphere Analyzer lets you ana- 
lyze furnace atmospheres with all 
the accuracy, speed and complete- 
ness needed for precise control of 
heat-treat furnaces, gas generators, 
kilns or other combustion devices. 

This instrument automatically rec- 
ords volume percent of each of the 
usual four gases — Oz, CO, COr, 
CHs — or other combinations of four 
components. And special designs 
handle five to eight components. 

Complete details on this rugged 
plant-tested instrument are given in 
a new booklet. Write for free copy 
today. 


INSTRUMENT DiviSiton 


Perkin-Elmer 


NORWALK. CONNECTICUT 
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Hundreds of companies have saved money, improved 
products and cut production waste as the result of 
opportunities presented by the Ryerson ‘‘Metalogikit.”’ 

How? This unique kit is a veritable portable service 
center...lets you explore many alternatives to material 
you now use. For example, you can compare several 


If you would like to put the 


vice center 


different cutting methods on the same piece of steel to 
see which is best for your application. 

Following are a few random examples showing how 
Ryerson specialists, using the Metalogikit, have 
helped customers with a variety of problems—many 
similar to those you may face every day. 


Ryerson representative for a demonstration—for unbiased 


steel, 
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KIT SPOTS SAVINGS 


Scratches and grooves normal to cold drawn, seamless 
tubing caused high manufacturing costs for a company 
making small, light-wall hydraulic cylinders. The small 
1.D. had to be honed to eliminate these faults—often too 


‘much metal was removed for proper piston fit. A Ryerson 


specialist suggested a switch to welded tubing. Using a 
sample from his Metalogikit, he pointed out the better 
finish that eliminates expensive honing. The switch was 
made with these results: higher production, low reject 
rate, improved product—plus lower purchase price per 
foot of tubing. 


KIT SUGGESTS 
PROFITABLE 
SPEC CHANGE 


Fractures and rejects were extremely high for a manu- 
facturer cold forming two severe bends in flat, hot rolled 
bars. A Ryerson specialist examined the %” x 2” bar 
stock and compared it with a sample of M-1020 fiat- 
tened round bar from his Metalogikit. He explained 
how controlled carbon of Ryerson M-1020 bar would 
produce great cost-saving advantages in this operation 
over hot rolled, mild steel. After specs were changed to 
this Ryerson-supplied bar, fractures and rejects were 
substantially reduced—resulting in new profitability. 


METALOG/ICS 
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METALOGIKIT 
TURNS UP 
400% PROFIT 


Bidding on a routine job was delayed for one steel 
fabricator because of an unusual material require- 
ment in the specs—calling for an insulating block 
of phenolic laminate. For help, the company turned 
to its Ryerson representative, who showed a sam- 
ple of Ryertex® sheet stock from his Metalogikit. 
In addition to having the material available from 
stock, he was able to show how easily it could be 
fabricated. This Ryerson know-how, demonstrated 
by the Metalogikit, enabled the customer to enter his 
bid on time. He got the job, and made a 400% profit. 


STEEL*+*ALUMINUM « PLASTICS » METALWORKING MACHINERY 


RYERSON STEEL 


Joseph T. Ryerson & Son, Inc., Member of the 


STAINLESS 
FROM KIT 
LEADS TO 
SAVINGS 


This company had an emergency requirement for 
stainless sheets. Application had always called for 
Type 304, 16 ga. x 66” x 81”, polished on one side. 
Their Ryerson specialist questioned the need for 
polishing. From his Metalogikit, he showed them a 
sample of 304 with a 2B finish. The company readi- 
ly agreed it was exactly the finish needed without 
polishing—saving delivery time and material cost. 
The Ryerson man further suggested 16 ga. x 72” x 
144”, using the cut-off pieces for another job—re- 
ducing scrap waste on both requirements. Order was 
placed and delivered in plenty of time. Over-all 
result: a substantial saving. 


Steel Family 


PLANT SERVICE CENTERS: BOSTON + BUFFALO + CHARLOTTE + CHICAGO + CINCINNATI * CLEVELAND * DALLAS + DETROIT » HOUSTON + INDIANAPOLIS 
LOS ANGELES + MILWAUKEE + NEW YORK + PHILADELPHIA + PITTSBURGH + ST. LOUIS + SAN FRANCISCO + SEATTLE + SPOKANE + WALLINGFORD 
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new design in [arpenter high temperature alloy V-57 


Everything about this combination fan blade-turbine bucket is new except its predictable per- 
formance . . . a built-in characteristic of all Carpenter high temperature alloys. 


V-57 is the super alloy now used to forge this unique new jet engine component. V-57 replaced 
A-286 (originally used) because of its superior mechanical properties at operating temperatures. 
Like all Carpenter vacuum melted metals, V-57 is produced with exclusive Carpenter quality 
controls that permit tighter forging tolerances, better machinability and improved cold form- 
ing properties. 

Carpenter's VACUMELTROL® (induction vacuum) and CONSUMET® (consumable electrode) 
melting processes assure you more accurate forgings with better finishes, fewer rejects, faster pro- 


duction . . . and, most important . . . true predictable performance in your high temperature alloy 
components. Ask your Carpenter Representative for details. 


[arpenter steel 


you can do it consistently better with Carpenter Specialty Steels for specialists 


> The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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ANNOUNCING THE NEW WIEDEMANN-BALDWIN® MARK SB... 


The latest development in universal testing machines. 
Exclusive features make the new Wiedemann-Baldwin 
Mark B the pace setter in testing... exclusive positive 
guiding of the loading crosshead ...universal SR-4® 
load weighing system unaffected by crosshead guiding... 
load insensitive compression table . . . standard 33” lateral 
testing dimension... a full range of accessory equipment 
for all testing requirements. 

Put the dependability, accuracy and operating ease of the 
new Mark B to work for you, in any application from 
production line quality control to unusual Research/ 
Development. Write today for our new Bulletin and get 
the full story. 


f 


WIEDEMANN 
DWIN, 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD © KING OF§PRUSSIA, PENNSYLVANIA 


Sales Offices: Mount Vernon, N. Y.; Silver Spring, Md.; Pittsburgh; Chicago; San Francisco; in Canada: Peacock Bros., Montreal. 
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an experience 


LINDBERG... 


NY: ad 
12 


Polaris Explorer: Valkyrie- Minuteman 


DEDICATED, PROFESSIONAL HEAT TREATERS 
WITH A 39-YEAR-START ON SPACE AGE 
METAL NEEDS AND KNOW-HOW 


Hand in hand with many of the country’s leading manufacturers of 
aerospace vehicles, Lindberg has expanded with the defense needs of 
America in the missile and rocket era. With a 39-year-background as 
specialists in heat treating, the men of Lindberg have unique experience 
and skills that add to any team effort in the solving of aerospace 
problems. These techniques are witnessed, too, in the active part Lind- 
t berg has played in rocket motor case treatment, right from Explorer 
through Minuteman. 


Two of Lindberg’s nationwide facilities have large gantry furnaces 
especially designed, through the cooperation of creative engineering 
talents of Lindberg Steel Treating Company and Lindberg Engineering 
Company, for the missile and airframe industry. They are certified, 
atmosphere controlled, bottom quench, hardening furnaces with the 
most exacting performance characteristics. The newest unit, pictured 
on opposite page, is in Los Angeles and will accommodate a loading 
fixture with an effective work load of 80 inches in diameter by 192 inches 
in length. The Melrose Park, Illinois, furnace takes a loading fixture 
up to 80 inches in diameter by 288 inches in length. Temperatures up 
to 2050° can be employed. 


Where critical applications in motor cases, components or hardware, 
require the most exacting heat treating techniques, Lindberg can make 
significant contributions in counseling, production and on-schedule \ 1 


delivery. Strict adherence to design specifications and creative engineer- 
ing by skillful metallurgists has solved many of the toughest known 
heat treating requirements for tomorrow’s space vehicles. Call Lindberg. 
We would like to be the heat treating member of your team. 


LINDBERG STEEL TREATING COMPANY, INE. 
Chicago, lll. Los Angeles, Calif.* St. Louis, Mo.* Rochester, N. Y. 


MODERN RESEARCH FACILITIES DEFENSE PRODUCTION KNOW-HOW 


The Company maintains metallurgical lab- All types of metal heat treating processes 
oratory facilities located in all plants. From are performed, as well as a variety of other 
defense needs through all types of consumer, operations such as degreasing, straightening, 
commercial and industrial products, Lind- etc. The Company enjoys a well established 
berg is providing metallurgical know-how _ reputation for its ability to handle specialties 
that is unsurpassed in the heat treating field. | and custom work as well as volume-type items. 
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Dependable Uniformity, Delivery, Service 


A. W. Iron Powder can be your key to new de- 
sign flexibility, reduced production costs and 
products of superior quality with closer toler- 
ances. A.W. Iron Powder assures you of high 
purity, uniformity of size and composition . . . 
plus outstanding fabrication properties. Cus- 
tom-mixed blends are readily produced to 
meet your most exacting specifications. 


You’re assured of prompt deliveries with A.W. 
Iron Powder, now being manufactured in 
volume in our 50-ton-a-day direct reduction 
plant. Behind these modern facilities are years 


of pilot plant operation, thorough testing and 
proving in customer applications. 


And you’re assured, too, of continuing quality 
and competent service. A.W. Iron Powder is 
backed by the full resources of Alan Wood 
Steel Company .. . extensive laboratory and 
research facilities . . . application engineering 

. and Customer Advisory Service to help 
make your investment more productive. Send 
today for technical data and application in- 
formation . . . fill in the coupon below for 
samples and details. 


ALAN WOOD STEEL COMPANY 


CONSHOHOCKEN, PA. 


FOR MORE 


Alan Wood Steel Company 


INFORMATION 


1 am interested in lron Powder for: 


Manager 


Iron Powder Sales 


(C0 Molding 


(CD Send literature 


(Friction [[] Other (Send sample 


Conshohocken, Pa. 
COMPANY 


ADDRESS. 
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Beauty 


treatment 


BOEING 70. 


BOEING TOT 


Sleek, fast and high flying . . . she’s a beauty, this 
Boeing 707 jet airliner. To help her look her best, 
Boeing gives the aluminum skin an anodizing treat- 
ment with Mutual® Chromium Chemicals for im- 
proved appearance and corrosion resistance. 


This is just one of the many ways versatile 
Solvay® Mutual Chromium Chemicals serve appli- 
cations ranging from metal treatment to fireworks. 
To fill your needs for any of the Mutual Chromium 
Chemicals, look to Solvay as Boeing does. Solvay is 
the world’s largest chromium chemical producer 
with over 100 years’ experience in their develop- 
ment and production. 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


MUTUAL chromium chemicals are available through distributors ond SOLVAY branch 
offices located in major centers from coast to coast. 
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For a full description of the Mutual line of 
chromium chemicals... uses, properties and com- 
prehensive technical data . . . mail the coupon for 
your free copy of Solvay’s new 80-page Technical 
Bulletin, “Chromium Chemicals.” 

MUTUAL CHROMIUM CHEMICALS 


Sodium Bichromate * Sodium Chromate * Chromic Acid * Potassium Bichromate 
Potassium Chromate * Ammonium Chromate * Koreon (One Bath Chrome Tan) 


SOLVAY PROCESS DIVISION 46-31 
Allied Chemical Corporation 
61 Broadway, New York 6, N. Y. 


Please send—without obligation—Solvay’s new 80-page 
Technical Bulletin No. 52, “Chromium Chemicals.” 


Name Position 
Company 

Address 

City Zone State 
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1114 AB Cutter 


1390 AB Speed Pres 1470 AB Handimet Grinder 


Everything for 
METALLOGRAPHY 


1114 AB Cutter — The ideal wet abrasive cut-off machine 
for laboratory work on stock up to 4%”. It is specially 
designed for the metallurgist for precision, speed and 
economy. 


1330 AB Speed Press — Rapid production of perfectly 
mounted samples, achieved only with the unique preheated 
premolds, removes another laboratory bottleneck. 


1470 AB Handimet Grinder — Four stages of fine grinding 
are accomplished with speed and facility on the Handimet. 
It makes the most of modern grinding methods. 


1500 AB Standard Polisher — This is the most popular 1905-2 AB 
metallographic polisher ever built. It has direct 2 speed Antamet 
drive, accurate balance, quick change wheels and is easy 

to clean. Attachment 


1905-2 AB Automet Attachment — High quality micro- 
sections are produced by this unit with great savings of time 
to the operator. Fits all Buehler Low Speed Polishers. 


1720 AB Electro-Polisher — With this unit, electro polish- 
ing becomes routine. Design and materials are selected for 
simplicity of operation and minimum maintenance. 


The above are a few of the popular models from our com- 
plete line of metallographic sample preparation equipment. 
Many other models and types are available for 

your selection. Buehler equipment is designed 

and built according to suggestions from prom- 

inent metallurgists in America and throughout 

the world and is backed by 25 years of service 

to your industry. 


Ltd. 


2120 GREENWOOD ST. EVANSTON, ILLINOIS, U. S. A. 1720 AB El a 
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. through research 


by Barber-Colman 


IDENTICALLY 


REPRODUCES 


PROGRAMS 
WITH THE FAMED 
“ELECTRONIC LINK” 


2 soak, and a cooling period. 
The Series 2000 Cam-Operated Program Controller raises new 
standards in quality control. The metalworking, ceramic, and 
glass industries can now process batch after batch and get pre- 
cise reproduction of time and temperature cycles. Wheelco’s 
‘Electronic Link’”’ transmits cam contour to an electronic null- 
balance controller. Cams are easily and accurately cut in the 
field! Write for Bulletin F-10191 or call Barber-Colman. 


BARBER-COLMAN COMPANY 


BARBER Wheelco Industrial Instruments Division 


COLMAN Dept. C, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. C, Toronto & Montreal * Export Agent: Ad. Auriema, Inc., N.Y, 
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This mark tells you a product is made of modern, dependable Steel. of) 


New top for the Shippingport reactor 


By the Ohio River at Shippingport, Pa., the United States’ first full-scale central 
station atomic power plant devoted exclusively to civilian needs continues to gen- 
erate electricity for the Pittsburgh district. In operation since 1957, Shippingport’s 
reactor core received its second ‘‘seed’’ fuel early in 1960. The pioneer atomic plant 
is a joint project of the Duquesne Light Company and the Atomic Energy Commission. 
The nuclear portion of Shippingport was designed and developed by Westinghouse 
under the direction of and in technical cooperation with the Naval Reactors Branch 
of the Atomic Energy Commission. The work was done at the Bettis Atomic Power 
Laboratory which Westinghouse operates for the AEC. 

U. S. Steel’s Homestead Plant supplied the forgings for the closure-head assembly 
needed to accommodate a new and higher power core developed by the Bettis Lab- 
oratory for Shippingport. As furnished, the 3-piece assembly weighs 81 tons—and 
every ounce of these USS Quality Forgings was cast, forged, machined and tested 
to meet the most rigid specifications. 

The reactor’s new closure-head assembly for Core 2 consists of a dome, torus, and 
head flange. The largest piece—the head flange—weighs 41 tons. To insure the 
highest degree of quality from the start, it was electric-furnace melted from a 
Ni-Cr-Mo alloy steel, then teemed into a 180-ton ingot in U. S. Steel’s vacuum- 
casting facilities. After top and bottom discard, it was forged to an 85” octagon; 
then it was upset to 60” in height. Next a 30” hole was punched in it to provide for 
mandrel forging. This hole was later opened up to take a 36”, and finally a 54” 
forging bar. At this point. the ring was flattened to 43”, the bar was again inserted 
in the center and the ring was mandrel-forged to its final dimensions— 159” overall 
diameter, 98” interior diameter, and 42!%” high, as shown in the big picture. It 
then weighed 83!% tons and was ready for heat treating and preliminary machining. 

Final machining reduced the flange’s shipping weight to 41 tons. 

The torus, or “transition ring,’’ was manufactured from the same grade of steel 

in the same careful, expert manner. It weighs 23 tons after final machining. 

The dome is hollowed out on the inside and has a relatively small hole through its 

middle. This hole provides a refueling port; separate openings for control rod 

mechanisms were bored later. The dome was machined on our 20’ vertical boring 

mill with the aid of an electronic contouring machine. Final weight of the dome: 17 tons. 

Dome, torus and flange were painstakingly tested and inspected every step of the 

way. Tests included ultrasonic inspection, tangential tension tests, Charpy V notch 

impact tests, grain size tests, bend tests and magnetic particle inspection. 

U. S. Steel has the capacity, the men, and the equipment to manufacture quality 

forgings like these, whether they be rings, flanges, domes, pressurizers, tube sheets or 

other such nuclear and power plant components. And the very same men and equip- 

ment will be working on your order. For a free folder on USS Nuclear Forgings, 


write United States Steel, 525 William Penn Place, Pittsburgh 30, Pennsylvania. 
USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 


Photos, 
United States Stee! Export Company 


head flange about to be quenched; 
United States Steel torus being contour machined; 


ultrasonic inspection of dome. 


— 
rope 


3 


ig 


at 


\ 


SS 


Lely ZZ offers you the 


that combines these impori 


Largest, Most Brilliant 9 Highest Quality Plano 

Screen Image for Flat Field Objectives 

conference viewing. for best detail and largest 
fields of view. 


* Bright field—dark field observation. * Large 13Y 
* Vertical illuminator for bright field—polarized image simult 
light — oblique illumination. * Fine fresn 
that is clearly 
* Conference 
time without 


* Phase contrast accessories. 
* Selection of low-power macro vertical illuminator 


9 

28mm field at 6.5x). * Push-butto 
* New Plano optics for largest field of view and mounts. Filte 
— definition. of light path. 


*& 5” x 7” camera with revolving back from horizon- %#* Constant 5 
tal to cnitted format. Adaptable to picture-in-a- sity, produci 
minute photography; 4” x 5” film holder. magnification 


Other fine equipment for metallurgical analysis: Leitz vu 
tions of expansion coefficients « Leitz HEATING MICROSCOPE—for analysis unc 
with facilities for polarized light * Leitz METALLUX MICROSCOPE—includes pl] 
Leitz SHOP MICROSCOPE—with the world’s finest optics for greater definitio: 


examinations. 


Get all the facts...write for literature; full information on all the 
important new features and conveniences built into the latest Model 
MM5 Micro-Metallograph available. Fill out and mail coupon TODAY. 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. ¥ 
t Le t NV v tte t « sdattad 
4 LEICA CAMERAS LENSES PROJECTORS MICROSCOPES BINOCULARS 


37661 
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Micro-Metallograph 
yrtant features... 


Ano New High Intensity 

es Xenon Lamp; 1,000-hour 

st constant light source, no flar- 
ing, no attention needed. 


13%” diameter projection screen shows 
nultaneously with microscope. 

resnel lens assures brilliant, sharp image 
early visible even in well-illuminated room. 
ence observation for extended periods of 
10ut eye fatigue. 

utton selection of 7 filters in quick-change 
Filters not in use automatically swing out 
ath. 

nt 500-watt Xenon lamp of superior inten- 
lucing even illumination for full range of 
itions. 


Z DILATOMETER — for more precise determina- 
s under controlled heating conditions. Available 
es phase contrast for superior metallography « 
nition, clearer image and easier metallographic 
+E. LEITZ, INC., 468 Park Avenue South, New York 16, W. Y, 
Gentlemen Dept. MI’- 


Please send me complete information on the Model 
MM5 new Leitz Micro-Metallograph 

Kindly have Leitz representative or authorized dealer 
phone for appointment to arrange for demonstration 
of Micro-Metallograph at no obligation to me. 


Name 
Addre 


City Zone State 


Telephone 
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“Only GAS gives quick, controlled, complete combustion” 


“Arrow Armatures is the largest rebuilder of auto- 
mobile generators in the East. One of the important 
steps in rebuilding generators is burning the old 
insulation from the armature before it is rewound. 
Because gas gives quick heat that can be accurately 
controlled, it answers our need perfectly. 

“We also have a gas-fired catalytic combustion unit 
to incinerate the smoke and fumes produced in burn- 
ing off this insulation. Together these units give us 


President, Arrow Armatures, Boston 


complete, clean combustion with no smoke control 
problems,” states Albert Holzwasser, President. 

Quick, controlled, complete combustion—and the 
many other advantages of gas—can be yours, too. 
For technical information, see your Gas Company’s 
Industrial Sales Engineer. He can show you the 
economies and results you'll get with modern indus- 
trial gas equipment. American Gas Association. 6 


FOR PRECISE CONTROL, GAS IS GOOD BUSINESS! 
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12 Years and 22,000 Aircraft Later... 


Amchem Continues 
Protection Piper Aircraft 


Another famed Piper model—the “APACHE”—flown by discriminating aircraft 
owners for business and pleasure the world over. If it’s popular, it’s a Piper! 


METAL PROGRESS 
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Insure Paint Bonding 
Aluminum Parts 


Pioneering the commercial aircraft field since 1928, 
Piper Aircraft has compiled an amazing production 
record —over 50,000 planes produced during that time! 


Amchem’s Alodine record at Piper’s Lockhaven, Pa. 
plant is equally amazing—since 1948, the aluminum 
parts on 22,000 Piper craft have been treated with 
Alodine for corrosion protection and outstanding 
paint bonding insurance! 


Utilizing a straight-line, 7-stage dip Alodine tank 
system, Piper production experts turn out pre-paint 
protected aluminum parts ranging in size from 
34-inch rivets to 1014-foot aft section skins. Piper 
officials, alert to the fact that aircraft are sold on 
looks as well as performance, back up the 12-year 
record of Alodine with quotes like these— 


““My proof that we have a better finish is the fact 
that we don’t have customer complaints from the 


field. We attribute it to the Alodine process which 
gives us the good paint bond we need.” (Richard 
Gehret, Finishing Superintendent) 


“Alodine is contributing to higher Piper quality, 
higher customer satisfaction, reduced complaints 
because the customer expects and gets a quality 
finish.” (Findley Estlick, General Superintendent) 


Piper uses over one million pounds of aluminum 
annually, fabricates ten to twelve thousand distinct 
and different aluminum parts . . . each and every one 
Alodized with Alodine to provide 1) unequaled 
corrosion protection, 2) excellent paint adhesion, 
3) valuable ammunition that helps sell Piper’s 
quality products the world over. 


If you make any product with aluminum—there 
is a use for Alodine, the superior pre-paint conversion 
coating chemical! 
*Amchem’s registered trademark for its 
aluminum chemical conversion coating. 


The “grand old man of aviation,” 


Al Sharp, Methods Engineer in 
finishing division, checks Piper 
exposure test racks where paint 
adhesion efficiency is carefully 
evaluated under severe environ- 
mental conditions. 


ALODINE 


Heart of the 7-stage dip Alodine 
system. Aluminum parts are stacked 
in rack-hung baskets suspended 
from monorail over the first three 
Stages of the Alodine line. 


President W. T. Piper, poses on 
the flight line alongside one of the 
latest models bearing his name— 
the Piper “Aztec,” last word in 
luxury flying. 


Write for 
Booklet 1424C, 
contains detailed 
information on 
Alodine, plus 
handy Selection 


Amchenm is a registered trademark of 
AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA. e St. Joseph, Mo. e Niles, Calif. e Detroit, Mich. e Windsor, Ont. 


Chart. 
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RIEHLE OFFERS THE MOST COMPLETE 


Testing Machines System 


COMPRISED OF 


<V"ACCESSORIES 


Your investment in testing machines and instruments can be pro- 
tected against avoidable obsolescence with this comprehensive sys- 
tem which has been developed and is being further developed by 
RIEHLE Division of AMERICAN MACHINE and METALS, INC. 


RIEHLE has taken the lead in applying the “building-block” prin- 
ciple to equipment needed for implementing individualized pro- 
grams for testing both materials and design structures. 


Currently, this complete testing system consists of four basic test- 
ing machines having capacity ranges from 2,000 lbs. to 450,000 
lbs.; four basic types of recorders with accessories; six basic types 
of extensometers with ranges from room temperature up to 5000° 
F.; and such additional accessory instrumentation as deflectometers, 
signal converters, extensometer and recorder calibrator, axial align- 


7 ® ment checkers, high magnification read-out instruments, load cells, 
] e e specimen holders and special tools. 
If you are currently exploring a new or expanded testing program 


RIEHLE TESTING MACHINES DIVISION OF designed to improve the performance of your products, RIEHLE will 
American Machine and Metals Ine. welcome your inquiry. RiEHLE Sales Engineers are experts on 


RIEHLE testing machines, instrumentation and accessories. Their 
EAST MOLINE, ILLINOIS assistance may save valuable project time and protect your testing 
program investment against avoidable obsolescence. In the mean- 


time, use coupon below to request literature. 


RIEHLE is constantly developing new testing devices and equip- 
ment. Many are built to specifications. 


RIEHLE TESTING MACHINES Dept. MP-36! ; 
Divisions of American Machine and Metals, Inc. Division of American Machine and Metals, Inc. East Moline, Illinois 


TROY LAUNDRY MACHINERY e¢ RIEHLE TESTING Please send me literature on RIEHLE machines and accessories for 


MACHINES e DE BOTHEZAT FANS ¢ TOLHURST testing 


CENTRIFUGALS e FILTRATION ENGINEERS e FIL- (Describe type of test) 


TRATION FABRICS @ NIAGARA FILTERS e UNITED 
NAME 


STATES GAUGE e RAHM INSTRUMENTS @ LAMB 


ANY 
ELECTRIC COMPANY e@ HUNTER SPRING COMPANY coun 
ADDRESS 


GLASER-STEERS CORPORATION 


CITY & ZONE STATE 
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Tool Materials, Cutting 
and Forming Equipment 
Repeating Air Hammer 
The Heidrick-Nourse Co. 
is demonstrating a_bench- 
mounted, repeating air ham- 
mer at the A.S.M. Western 
Metal Show. Contact pres- 
sure of the tool on the work 
actuates the machine at rates 
varying from 3000 to 5000 
strokes per min., depending 
—— on air pressure. Action varies 
from gentle vibration to a 
riveting capacity of ¥% in. in mild steel. The unit can also 
be used for shaping sheet metal, inserting bushings, and 
for parts assembly. 
For further information circle No. 926 
on literature request card, p. 48B 


Bearing Steels 
A new family of bearing steels offers higher hot hardness 

and improved resistance to wear, corrosion, and oxidation 
compared to Type 440C stainless steel. “BG41”, used in 
high-temperature bearings and structural components, is 
basically 440C with 4% Mo replacing 2% of the Cr. 
“BG42” and “BG43” are basically the BG41 alloy with 
1% and 2% added vanadium. Oil quenching, cold treat- 
ing at —100° F., and double tempering at 1000° F. 
develops a hardness of Rockwell C-62 to 64. Latrobe 
Steel Co. 

For further information circle No. 927 

on literature request card, p. 48B 


Straightening and Cutting Machine 

The “Model 12FA” is designed to handle coiled rod 
up to 1 in. in diameter. The machine, powered by a 125- 
hp. motor, features crank action, high-speed flying shears, 
a two-speed rotary straightener arbor, and eight feed 
speeds of 115 to 350 fpm. The unit will process cold 
drawn or hot rolled rod and can be adapted to handle 
flat, square or hexagonal shapes. Lewis Machine Co. 


Circle No. 928 on request card, p. 48B 
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Industrial Heating Equipment 
Environmental Test Chamber 


This 3 cu.ft. unit provides 
temperatures from —100 to 
+500° F. (+2° F.) as well 
as variations in humidity and 
simulated altitude. A 100,000 
ft. “altitude” is attained in 
30 min. (150,000 in 60 
min.). Humidity ranges from 
20 to 95% (+5%) at tem- 
peratures between 35 and 
200° F. Thermal capacity is 
1200 Btu. per hr. at — 100° 
F. The illuminated cham- 
ber is equipped with pres- 
surized amphenol fittings and 
adjustable shelves and has a 
12 by 12 in. frost-free door designed to withstand thermal 
shock and altitude testing. Cincinnati Sub Zero Products. 

For further information circle No. 929 
on literature request card, p. 48B 


Furnace Atmosphere Analyzer 
A chromatographic instrument made by Perkin-Elmer 

Corp. provides accurate percentage readings of four 
atmosphere components — CO, CO,, CH,, and No». In gas 
carburizing furnaces, the system can automatically analyze 
and control the atmosphere so that work is held within 
0.04% of desired carbon. The analyzer can be applied to 
routine heat treating, carbon restoration and sintering, or 
to openhearth and blast-furnace operations. 

For further information circle No. 930 

on literature request card, p. 48B 


Heat-Processing Equipment 
A wide-range furnace made 
by Sunbeam Equipment 
Corp. can be used for prac- 
tically all heat treating oper- 
ations, including annealing, 
hardening, normalizing, pre- 
heating, pack carburizing, 
stress-relieving and temper- 
ing. A 95% turndown ratio 
on the burners assures accu- 
rate temperature control for 
both ferrous and nonferrous 
heat Gas-fired 
models are available in three sizes with work ageas ranging 
from 4 in. high by 8 in. wide by 12 in. deep to 9 in. high 
by 15 in. wide by 24 in. deep. 
For further information circle No. 931 
on literature request card, p. 48B 
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“René avis a super alloy developed by metallurgi 

Electric especially for high-temperature “applications. Prepared b 

- vacuum-induction-melting process, Rene 41 combines light weight a 
top strength with high-temperature resistance (1600° to 1800° F.). In addi tio 
René 41 is extremely ductile; corrosion- and oxid 


_ This super alloy can be easily forged, welded, or formed ‘it is ; 
, snete plates, bars, billets, flats, wire, or castings. Can we i you? Write: 


Double-Target Controller 
The “N15 Pyrotroller”, a 

temperature indicating-con- 
trolling pyrometer, provides 
a second contact point for 
secondary action. For ex- 
ample, in addition to control- 
ling temperature the unit can 
independently actuate a valve 
or motor. The controller is 
available in eleven ranges 
from 0-400° F. to 0-3000° F., 
as well as an environmental 
test chamber range of — 100 to + 300° F. The Alnor 
Instrument Co. 

For further information circle No. 932 

on literature request card, p. 48B 


Portable Radiant Heater 
This heater raises metal 
blanks to forming tempera- 
ture at the drop hammer or 
press, eliminating rejects re- 
sulting from loss of ductility 
through heat loss. A retract- 
able lamp-head, holding 99 
infrared bulbs, can generate 
temperatures in the work up 
to 1500° F. Operated by 
remote cable controls, the 
lamp-head can be raised, lowered, extended or retracted 
over the work, producing very rapid heating rates. 
Electric Hotpack Co., Inc. 
For further information circle No. 933 


Etching Copper Circuits 
“Resist-Etch” permits electroplating of accurately de- 

fined, detailed patterns in printed circuits — for example, 
lines 0.005 in. wide, spaced 0.005 in. apart. This non- 
toxic photo-resist material will not contaminate other 
plating solutions and will not produce pinholes. The 
product is unaffected by plating cycles, yet it is easil 
removed by a companion product called “Resistrip”. 
Sel-Rex Corp. 

For further information circle No. 935 

on literature request card, p. 48B 


Vibratory Finishing Machine 

Designed as a production 
unit for finishing small parts, 
this machine can process a 
wide variety of metal, plastic, 
and ceramic items. The 1% 
cu.ft. work container, rubber- 
lined, holds up to 500 Ib. of 
material. Vibration amplitude 
is adjustable, and frequency 
can be varied while the ma- 
chine is running. Air-cushioned floor mounts allow opera- 
tion of the unit in buildings where spring-mounted ma- 
chines are prohibited. Pangborn Corp. 

For further information circle No. 936 


Rust Preventative 

“Rust Veto 342” is a transparent protective film which 
is easily removed with solvent or mild alkaline cleaners. 
Designed to protect metal surfaces stored outdoors for 
long periods, this plastic coating also protects against salt 


on literature request card, p. 48B 


Cleaning and Finishing 


|X 


Contour Grinding 


When run on inflatable rubber 
drums, coated abrasive bands and 
belts assume any desired degree of 
crown (photo). This eliminates edge 
cutting which can occur when flat 
bands are used for contour grinding 


or polishing. X-weight cloth bands 


contain Al,O, abrasive in grits 40 
through 180, bonded with all-resin 
adhesive. Since the degree of crown 
depends on grit size, drum pressure 
and speed, and pressure exerted on 
the work, these bands cannot take 
an exact shape. Behr-Manning Co. 

For further information 

circle No. 934 on litera- 

ture request card, p. 48B 


MARCH 1961 


* National Bureau of Standards 
calibration report when desired. 


Write for literature, prices and 
name of nearest distributor. 


proving rings to measure any load 


compression 


Steel City offers two styles of proving rings which 
require no adjustment during use. The dial- 
indicator ring (illustrated) measures deflection 
in increments of 0.0001”. Applied load or force 
is determined from a calibration report furnished 
with each instrument*. With this type of ring, even 
an inexperienced operator can repeat readings 
as close as 1/10 of 1%. 


Optical-type proving rings, developed for the 
USAF, use a ruled scale and a high-powered 
microscope for readings in increments of 0.00002". 
Repeat readings as close as 1/20 of 1% can 
be achieved. 


Compression and tension models are available in 
either style, with capacities up to 200,000 Ib., all 
manufactured of special-alloy steel by experi- 
enced craftsmen. They are used for calibrating 
Brinell testers, testing machines and presses, and 
load cells, or for measuring applied loads. 


8811 Lyndon Ave., Detroit 38, Mich. 
Circle 1191 on Page 48-B 
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A “RESULTS GUARANTEED” 
HEAT TREAT TECHNIQUE EVERY TIME! 


The Hayes Laboratory places 
full-scale production furnaces, 
atmosphere generators, and 
allied equipment at your dis- 
posal — without cost or obliga- 
tion —for developing heat treat 
procedures that will give the exact results your work 
requires. At Hayes you take an active part in process 
and equipment evaluation . .. you see the actual results 
of customized methods designed to answer your par- 
ticular problem, whether it involves high-speed hard- 
ening, specialty sintering, vacuum processing, low-cost 
production of dry instrument air or protective atmos- 
pheres, or a hundred other 
processes. Most important, the 
equipment Hayes supplies for 
your job duplicates the per- 
formance of the process already 
proven in our lab — the results 
are guaranteed! 


On Your Production Line .. . a Hayes engineer pro- 

vides free start-up service to assure exact duplication 

of lab results . . . and to maximize benefits from equip- 

ment and techniques right from the start. He also 

instructs your staff on how to make your heat treating 

operations most economical, and how to maintain 

equipment for optimum output. Remember, too, that 

Hayes maintains a large inventory of stock parts avail- 

able to help keep your equipment in top working order. 

Fast, Follow-Up Service! In an 

emergency, our private plane will 

~~ fly a Service Engineer to your 

plant . . . or will pick you up at any 

Eastern airport within a reason- 

able distance from our plant, and speed you to Hayes 

— the home of profitable, “Results Guaranteed” heat 
treat techniques! 

How do we operate? Bulletin 1961 tells the story of 

the Hayes Lab. For your copy, write C. I. Hayes, Inc. 

802 Wellington Ave., Cranston 10, Rhode Island. 


HAYES, inc. SERVES INDUSTRY IN MANY WAYS... 


Complete lines of controlled atmosphere electric furnaces and gas generators « 
induction generators + gas and liquid dryers and separators for metallurgical, 
electronic, chemical and petro-chemical applications + crystal growing, zone 
leveling, “doping”, alloying and diffusion furnaces + power amplifier controls « 


batch type and continuous “cold wall” vacuum furnaces. ..in fact — 


It pays to see Hayes whenever applying controlled heat or power to materials! 
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spray in overseas shipments. The film is not brittle and 
will not chip, crack, or flow when exposed to temperatures 
from —40 to +175° F. Houghton & Co. 

For further information circle No. 937 

on literature request card, p. 48B 


Welding and Joining Equipment 


Ultrasonic Micro-Joining 
This ultrasonic kit can 
weld gold wires as fine as 
0.0004 in. or join 0.0015 
in. gold- gallium alloy 
sheet. It consists of a 
transducer handpiece and 
basic inserts for tweezer 
welding or spot welding. 
Any generator suitable for 
ultrasonic applications will 
drive the transducer. Micro-soldering without flux is also 
possible with a special heating transformer and soldering 
iron. Ultrasonic cavitation removes oxide film which 
normally interferes with fluxless soldering. Cavitron Corp. 

For further information circle No. 938 

on literature request card, p. 48B 


All-Purpose Welder 


Hobart Bros. Co. announces an a-c./d-c. welding ma- 
chine which can be used for manual, automatic, TIG, MIG 
or inert-gas spot welding. The unit features automatic 
high-frequency control, power factor correction, and con- 
trols which permit welding with as little as one ampere 
of current. The “Model ADI-2641” operates from a single- 


per on the torch body into the oxyacetylene flame. 
For volume work, a hose connection permits drawing 
powder from a separate, larger container. Rate of powder 
flow can be easily and accurately controlled. Alloy 
powders are available for a wide range of applications, 
including hardfacing and brazing of stainless, copper, 
tungsten and molybdenum. 

For further information circle No. 940 

on literature request card, p. 48B 


Automatic-Travel Torch 
The “T-5” semi-automatic 
torch should prove valuable 
to heavy fabricators in appli- 
cations such as plate-edge 
preparation or cutting stain- 
less plate. By butting two 
plates together and gouging 
along the seam, a smooth 
“U” groove is produced — 
and two plates are prepared 
in a single operation. The T-5 model, mounted on a 
standard cutting machine, melts metal with the electric 
arc; compressed air blows it away. Arcair Co. 
For further information circle No. 941 


Engine-Driven Welder 

Air Reduction Sales Co. announces an engine-driven 
welder designed to give dependable service with minimum 
maintenance in rugged applications. Rated at 250 amp., 
the unit is driven by a 4-cycle, three-cylinder, direct- 
injection diesel engine. It can be used as a combination 
d-c. welder/a-c. power plant or solely as a d-c. welder. 


phase 230/460 power source and 
is rated 1 to 300 amp. (a.-c.) or 1 to 
350 amp. (d.-c.). 

For further information circle No. 939 
on literature request card, p. 48B 


High-Temperature Brazing 


Simple to operate, a torch made 


KENTRALL 
HARDNESS 
TESTERS 


By removing major test loads automatically, the new motorized 
Kentralls reduce operator error, increase reproducibility of test 
results, and raise the productive capacity of the machine—for the 
same price as hand operated testers. 


The motorized Kentralls are available in Combination Testers 


by Coast Metals, Inc. is used for 
high-temperature brazing and over- 
lay work. An aspirator feeds 
powdered metal from a small hop- 
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which provide both Regular and Superficial Rockwell Hardness 
Testing in a single machine. For those applications that do not 
require the additional range, Kentrall also makes single 
purpose testers for either Regular or Superficial testing alone. 


For complete information write for Bulletin CRS 6O 


THE TORSION BALANCE COMPANY 
Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Mateo 
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PUMPING SPEED LIT./SEC. 


CLEANER 
HIGHER 


VACUUM 
FASTER... 


in your system 


Compare these advantages: 


@ HIGH SPEED: 
1500 liters per second. 


@ HIGH FOREPRESSURE TOLERANCE: 
700 microns Hg. 


@ LOW BACKSTREAMING: 
Less than 0.03 mg/cm2/min. 


®@ LOW ULTIMATE PRESSURE: 
To 10-10 mm. Hg. in UHV dome. 


INSENSITIVE TO POWER 
AND WATER VARIATIONS. 


REQUIRES ONLY 10 C.F. M. 
MECHANICAL BACKING PUMP. 


STAINLESS 
STEEL BODY 


FIRMLY ANCHORED JET 


SILVER SOLDERED 
COOLING COILS 


4 STAGE 
FRACTIONATING 
JET ASSEMBLY 


MODEL HS6-1500 


The new HS6-1500 fractionating diffusion pump is 
guaranteed to out perform any other 6’ pump 

on the market. Compared with its predecessor it offers 
greater convenience, less maintenance, 

and lower cost operation. 


The new model HS6-1500 costs only $525.00. 


Send for our free catalog containing speed curves, or order your new HS6-1500 pump today. 


| 
| 
| 


INLET PRESSURE 
- DC704, Neoprene O-Rings, Mild 


1. DC704, Baked Out Stainless Steel 
Dome, Metal O-Rings, Liquid Nitro- 
gen Cold Trap. 

2. DC704, Metal O-Rings, Stainless 
Steel Dome. 


10-4 10°? 
TORR 


Steel Dome. 


. Narcoil 40® Neoprene O-Rings, 


Mild Steel Dome. 


NRC 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corporation 


160 Charlemont Street, Dept. 1-C 
Newton 61, Massachusetts 
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Diesel power minimizes the fire 
hazard in locations such as off-shore 
oil drilling rigs, tunnels, mines, on 
shipboard, or wherever gasoline is 
prohibited. 

For further information circle No. 942 
on literature request card, p. 48B 


AC/DC Metal-Cutting Electrode 


The “ChamferTrode” electrode re- 
tains its efficient performance, when 
used with d-c. equipment, and gives 
equal performance with a-c. weld- 
ers without cycling or are cutout. 
The electrode provides a_high- 
velocity blast for removing molten 


metal; oxygen or compressed air is 
not required. Applications include 
chamfering, leveling, grooving, and 
rough cutting of most metals, includ- 
ing hard alloys which are difficult to 
torch cut. Eutectic Welding Alloys. 
For further information circle No. 943 
on literature request card, p. 48B 


Inspection and Testing 
Extended-Range Recorder 

Five automatic steps of zero sup- 
pression allow this unit to measure 
unknown and widely varying levels 
of potential. As a variable input 
exceeds or goes below span, the 
scale is automatically extended or 
contracted. Any span from 2 mv. 
to 250 mv. may be selected; total 
span is 500 mv. A special “step” pen 
indicates at which step of zero sup- 
pression recorder is operating. Accu- 
racy is % of 1% of entire span; 
sensitivity is 1/10 of 1% of each 
span. Wheelco Industrial Instru- 
ments Division. 


Circle No. 944 on request card 
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A TESTING PROGRAM?... OR "JOB"? 


CALL US! 


Reputedly, the finest and most completely Ng se independent 
Testing Laboratory on the Pacific st 


MEKTROL LABS, INC. 


Located in the heart of Pomona Valley's new industrial district 


Complete Metallurgical Analysis 
Magnetic Inspection 
Spectro Analysis 
Rubber and Plastics 


X-Ray Zyglo 
Ultrasonic Chemical Analysis 


Creep Stress Rupture Environmental 
VENDORS SURVEILLANCE 


YOU NAME IT! — WE'LL DO IT! 


Modern equipment, a full staff of highly experienced and capable technicians 
and engineering specialists! 


Offering the HIGHEST DEGREE OF ACCURATE ANALYSIS OBTAINABLE! 
SPEEDIEST DELIVERY POSSIBLE . . . compatible with dependable findings! 


MEKTROL LABS GIVES YOU “THAT EXTRA SOMETHING” IN THE WAY OF 
SERVICE AND PERFORMANCE .. . YOU DO NOT NORMALLY EXPECT 


MEKTROL LABS, INC. 
9456 Roberds Street Alta Loma, California 
Phone YUkon 7-1707 (collect) 


APPROVED BY MAJOR AIRCRAFT COMPANIES .. . and OTHER LARGE COR- 
PORATIONS IN AND OUT OF THE STATE .. . TO HANDLE THEIR TESTING! 


Circle 1194 on Page 48-B 


PSC’s All-Sheet Construction 


Adds to Furnace Tube Life : 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100%. In PSC tubes, precision-welded 
bends are of same metal and thickness as the 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


All Types Heat-Troat Units 


Circle 1195 on Page 48-B 


THE PRESSED STEEL CO.+ Wilkes-Barre, Pa. 
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COSTING YOU? 


The quenching stage of your heat-treating process is the point 
which determines . . . (1) the final quality of your product... 
(2) the amount of time and material wasted by below-standard 
rejects... and (3) your ultimate operating costs. 

You can protect yourself against needless production losses by 
installing a B & G Self-Contained Hydro-Flo Oil Cooler. This 
unit will provide the accurate control of conditions in the quench 
tank which assures uniform quality in the finished product. 

The generous heat transfer surface in B & G Self-Contained 
Hydro-Flo Oil Coolers provides large capacities in comparatively 
small, compact units. They are completely factory assembled, 
ready for immediate installation and operation. 

Tell us about your quenching problems—we'll be glad to offer 
engineering counsel and recommendations. 


Completely Self-Contained Units 


B&G Hydro-Flo Self-Contained Oil Coolers com- 
bine Coolers, Motors, Strainers and all controls 
into single, integrated, easily installed “packages”. 
Fully automatic, they keep oil temperature at the 
desired degree through all stages of the quench. 
Your only responsibility is to connect to the quench 
tank and water lines. 

B&G Oil Cooling Systems may also be pur- 
chased as component parts for assembly on the job. 


This combined Catalog and Selection Ol L QUE NC ee ING 


Manual gives full information on B&G 


Self-Contained Oil Coolers. Send for ; 
SYSTEMS 


Reg. U.S. Pat. Of. BELL & GOSSETT COMPANY 
Dept. GO-16, Morton Grove, Illinois 


Canadian Licensee: S. A. Armstrong Lid., 1400 O'Connor Drive, Toronto 16 


Circle 1196 on Page 48-B METAL PROGRESS 


f 
& 
the, 
z 
= 
: 
pe 4 
— 
: 
4 
4 
| 


Colored Magnetic Powders 
Inspecting for flaws in magnetic 
materials is quicker, easier, and more 
reliable with “Sonoflux” magnetic 
powders in three colors. A bright red 
powder provides good contrast in 


poorly lighted areas. The yellow 


powder shows up well against dark 
scale, as well as heat treated or ma- 
chined surfaces. The blue-black 
powder is ideal for surfaces ranging 
from blast-cleaned grey to highly 
polished. Sperry Products Co. 


For further information circle No. 945 on literature request card, p. 48B 


Production and Casting Equipment 


High-Alumina Refractory Brick 


Seals for Vacuum-Furnace Tubes 

A dependable universal seal for 
ceramic furnace tubes high- 
temperature vacuum or atmosphere 
furnaces is offered by McDanel Re- 
fractory Porcelain Co. The light- 
weight seal does not require collars, 


“Korundal XD”, a mullite-bonded 
corundum brick, has higher density 
and up to 40% lower porosity than 
other alumina refractories. It shows 
no subsidence (deformation) after 
100 hr. at 3000° F. under a 250-lb. 
load; other standard bricks show 
appreciable subsidence, up to 9.6% 
(photo). Spalling loss is negligible 
in 3000° F. panel-spalling test. 
The bricks hold up very well in 
such high-temperature applications 
slab-heating furnaces and 
checker chambers. Harbison- 
Walker Refractories Co. 

For further information circle No. 946 
on literature request card, p. 48B 


expensive ground-taper joints or grind- 
ing of tube circumference. It is adapt- 
able to many processing systems and 
is simple to install. Easily removed 
end plates permit fast loading and 
unloading of the furnace. 


For further information circle No. 947 on literature request card, p. 48B 


Parts and Forms for Design and Applications 


Self-Aligning Locknut 


A compensating fastener (SPS SA16) develops rated 
strength (160,000 psi. tensile) of the alloy steel nut 
even though seating surface is 8° out of perpendicular. 
This permits full utilization of high-strength bolts on 
contoured surfaces without bending (which may lead 
to early failure). The hex-drive locknut swivels in the 
spherical seat of a precision-alignment washer. The 
product is available in diameter sizes No. 10 through % 
in., in Class 3B national coarse and fine threads. Stand- 


ard Pressed Steel Co. 


For further information circle No. 948 on request card, p. 48B 


Straight and Reverse Tapered Tubing 
Small diameter tapered tubing — 0.080 to 


\¢ 130” 
OD 


O.D. 1.500 in. OD with 0.012 to 0.062 in. wall thick- 
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ness—is available from Superior Tube Co. 
Close tolerances, freedom from ID cracks, and 
a smooth surface (65 microinch) make this 
product attractive for thrust chamber tubing in 
missiles and rockets. Available in lengths up to 
10 ft., the tubing can be tapered continuously 
from one end to the other or can be tapered 
from the middle to both ends. More than 120 
standard and special alloys can be supplied, 
including carbon, alloy and stainless steels, as 
well as nickel, copper, and zirconium alloys. 
For further information circle No. 949 


for BRIGHT 


FLEXIMET 


Here’s a multi-purpose lu- 
bricant for dry drawing and 
hot dip-dry film coatings. 
It promotes plating quality 
finish in multiple high speed 
drafting of high and low 
carbon steel and bright fin- 
ishes on aluminum, bronze 
and special alloys. Opera- 
tional usage also includes 
tube drawing, sizing and 
shape drawing of steel, 
chrome and nickel alloys 
and non-ferrous metals. 

WRITE FOR BULLETIN 26 
and details on other FLEXIMET 
products 


* A metallic base lubricant, 80% sodium 
stearate base formulated with rust 
inhibitor and bonding agent. 


SWIFT & COMPANY 
SOAP DEPARTMENT 


4115 Packers Ave., Chicago 9, lilinois 


106TH YEAR 
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MEL-TROL®..the important extra you get in [arpenter Induction Vacuum Melted Alloys! 


New, more refined melting processes such as Carpenters VACUMELTROL® (in- 
duction vacuum) or CONSUMET*® (consumable electrode) answers industry's need 
for better, more dependable steels for critical applications. But in induction vacuum 
alloys, Carpenter goes a step further. It’s called MEL-TROL and it starts with an 
entirely new, patented mold that builds essential core-to-surface uniformity right 
into the ingot. Harmful impurities in the molten steel float to the top while the ingot 
solidifies . . . then are discarded. The result is more complete freedom from 
segregation and centerline weakness, and the most uniform, dependable alloys you can buy. 


Benefits to you: Improved alloy quality such as cleanness and soundness result in better forgeability, 
improved machinability and cold forming properties. You get more accurate forgings with better 
finishes .. . fewer rejects . . . faster production . . . and, most important, true predictable perform- 
ance in critical alloy components. A wide range of these more uniform, more workable alloys is now 
available for high temperature and other critical applications. Call your nearby Carpenter represent- 
ative for the whole story about MEL-TROL and what predictable performing steels can do for you. 


[arpenter steei 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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To consult us might very well be the 
answer to solving some of your current 
processing problems; or result in substan- 
tially reducing your processing costs. 
Others have found this true! Their records 
_ prove it! And, if one of our many standard 
 ‘Units—in temperature ranges to 5000° F— 

is not the solution, we have the breadth 


Above 


maintains plus 


grated 


Above Wide range, precision control of 
temperatures up to 2800°F., of a 30” long 
hot zone, is provided by three separate con- 
trolled zones in this Model MTX-530 fur- 
nace. Gasketed metallic seals at both ends 
of the 5%” |.D. impervious Mullite tube 
(surrounded by silicon-carbide elements) in- 
sure gas-tight closure of work chamber. 
Loading end provides preheat zone. Un- 
loading end has water cooled jacket and 
provisions for connecting a vacuum system 
to draw a vacuum in the tube for gas-free 
atmosphere. 


desirabl 


Right Vertically mounted KANTHAL SUPER ele- 
ments develop operating temperatures to 
1575°C in this Model MTKS-312 vertical tube 
furnace. A 3” 1.D. x 30” impervious Mullite tube 
provides 12” long hot zone. Vertical-lift, 
counterbalanced loading column is manually 
operated. Reactor “package”, strip chart re- 
° corder and controls are on separate panel. 


Pereco's Line offers many other 
tube furnace types and sizes. 
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Typical of many performance-proved 


PERECO TUBE FURNACES 


— that may be the more efficient answer to your needs 


This carbon-resistor type tube 
furnace (Model CT-312), designed for re- 
searcn in ceramics or refractory 
or mings 20°F up to a 
maximum of 5000°F. Choice of neet-up 
vate —- rapid or slow. A completely inte- 
“package” 
reactor power and temperature control, 
fail-safe features. 


tontal er vertice! designs available. 
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and years of specialiiied experience to offer 
required mocifications; Or to design a unit 
specifically to solve your problem. For this 
reason, leading companies in practically 
every field have learned to depend upon 

ug—and repeatedly solicit our counsel in 
the field of electric furnace requirements. 
Give us a call. 


netals 


including saturable 


Hori Above Model RT-472 Rotary Tube calcir: 


ing or sintering furnace normally operates 
to a maximum of 2500°F and incorporates 
a 4%" |.D. x 72” long impervious Mullite 
ceramic tube: a ruggedly constructed gear- 
ing mechanism for variable tube rotational 
speed (0 to 6 rpm) and a simple arrange- 
ment for changing the degree of tilt to 
control the through-rate of powder-like 
materials of varying grain sizes, from 
entrance to exit end of tube. 


For processes calling 
for close control 
of a wide 
temperature 
range up to 
5000°F. 
Write 
TODAY 
for Pereco furnace 


recommendations to 
handle your work. 


RENY EQUIPMENT co., ING. 


893 ChambersRood 
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controts | EN Process Temperatures 


One, compact “Thermo Electronic” Multi-Point Controller 
gives you, sensitive, accurate, automatic... 


@ Two position (off-on) control of up to ten separate process 
temperatures; also controls flow, pressure, pH, Strain gages, 
and other operations. 


@ Three position control of five separate processes! 

@ Single point constant control of any critical process! 

@® Manual-Balance Indication of exact process conditions! 
@ Monitoring of extra points or those already under control! 


Ten in One 
One instrument does the job of ten individual controllers. You 
save—40 to 60°}, of initial cost—up to 75% of panel space 
—cut installation time and cost—minimize maintenance! 


Clean, Simpie, Functional Design 

The “Thermo Electronic” Multi-Point Controller has front-set 
controls for easy operation. Routine maintenance is also done 
from the front, without removing unit from panel or relay 
rack. Available in either potentiometer or bridge measuring 
circuits, with an extremely stable constant voltage supply, 
the instrument provides long-lived, trouble-free control of 
practically every process suitable to off-on control action. 
Sensitivity is 15 microvolts independent of scale span— 
Accuracy is + 0.5% of scale span. 


Temperature 
Measuring Systems 
and Components 


Operation 

Sensing element input signals are compared, in sequence, to 
individually adjustable slide-wire set-points. Signal deviations 
areamplified by the “Thermo Electronic” high-gain relaycontrol 
amplifier, and used to actuate load relays connected to the 
points being controlled. 

Scanning sequence is governed by a stepping switch and elec- 
tronic timer. Scanning rate—3 seconds per point. Other 
scanning speeds are available by simply changing one carbon 
resistor. 

Ten white lights on the instrument panel show scanning 
position—ten red lights show process condition. Ten knobs 
permit adjustment of individual set-points on the range 
scales. Ranges are available for thermocouples, resistance 
temperature detectors and other types of suitable transducers. 


Maintenance is Easy 
The instrument slides forward on built-in tracks. Simple 
adjustment and inspection is easily accomplished from the 
front. The plug-in or screw-terminal components are easily 
replaced—fully protected from dirt and corrosive atmosphere. 
The whole instrument is gasketed to further protect com- 
ponents. 


Safety Engineering 


Critical circuitry is fused against overloading. A failsafe 
circuit is provided to protect processes against thermocouple 
burn-out and amplifier component failure. 


Write today for Instrument Section 52-16 
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THERMO ELECTRIC Co., Inc., Saddle Brook, New Jersey 
In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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PORTRAIT OF PROGRESS: Wean No. 2 Alkaline Tinning Line at Granite City Steel Company's Granite City Works 


Granite City Increases its Range of Tin Plate 
Widths with New Wean Alkaline Line 


To supply the full range of coil widths 
required by the can manufacturing 
companies it serves, Granite City Steel 
Company recently installed this Wean 
alkaline-type tinning line. 

Capable of handling coils up to 
40,000 Ibs. with an outside diameter of 
72”, this line is designed to process tin 
plate at speeds up to 1200 fpm. The 
line can accommodate strip from 18” to 
38” in width and from .003” to .015” 
in thickness. 

The new Wean line has been de- 
signed to economically produce differ- 


THE WEAN ENGINEERING COMPANY, INC. - 


ential plating, providing more versatil- 
ity in meeting customer requirements. 
Strip storage is provided in looping 
towers at both the entry and exit sec- 
tions of the line in order to maintain 
constant flow of material through the 
processing section. 

During its three-decade partnership 
with the steel industry, Wean Engineer- 
ing Company has designed more than 
80% of all electrolytic tinning facilities 
in operation today. We invite you to 
put this experience to work on your 
next tinning line project. 


WARREN, OHIO 


: 


SYLVANIA BLAZES NEW TRAILS IN REFRACTORY METAL 


SYLVANIA FIRES POINT-BLANK 


...at transforming research for the military into tools for industry 


At 4600°F. gold turns to liquid. Chromium boils. Silver 
vaporizes. But molybdenum stays solid. 

At Sylvania, such high temperatures help our scientists 
turn defense research on tungsten and molybdenum into 
practical answers for industry. 

For instance, not long ago we devised a new method in 
which refractory metals are produced as powder of con- 
trolled particle size. This powder is isostatically pressed 
at high pressure and then sintered at high temperatures. 
Result ? Ingots, bars—even intricate shapes—can be pro- 


SYLVA 


duced more efficiently, with more uniform compaction. 
Why not take a good look at refractory metals to answer 
your needs. The identical properties that solve the prob- 
lems of throat inserts for rockets and missiles can pay 
you dividends in die-casting dies and cores, hot-work 
tools, molds, and in many other ways. 

Want the full story? Or experienced technical help in 
proving out your special ideas? Write Chemical & 
Metallurgical Division, Sylvania Electric Products Inc., 
Towanda, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS (es) 
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Reminder 


those who use 
nickel alloy 


THE UNITED STATES OF AMERICA 


Kanigen 


and patents prove 


There are no substitutes for Kanigen—no other process non-porous, uniform coating. 
that applies a hard, corrosion-resistant nickel alloy coat- How can you be sure of getting Kanigen? Only one 
“ ing without the use of electricity as Kanigen does. way — by calling General American or one of its licensees. 
With Kanigen, you can plate anything from a small § For further information write: 
relief valve to a 20,000 gallon tank car with a virtually 


135 South LaSalle Street 
Chicago 3, Illinois 


Offices in principal cities 
LICENSEES 


INDUSTRIAL KANIGEN CORPORATION KEYSTONE CHROMIUM CORPORATION KEYSTONE METAL FINISHERS, INC. 
1421 Park Avenue 1095 Niagara Street 22 Raydol Avenue 
Emeryville, California Buffalo, New York Secaucus, New Jersey 
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Wheres 
4 Kanigen Division 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


Meet our new baby giant... the M-G Powered 


INDUCTO 
INTEGRAL 15 


... you'll never again be satisfied with Spark-Gap Melters 


Inductotherm now offers the greatest space-saving, most 
economically-operated induction melting system in his- 
tory. Once you’ve compared the Inducto Integral 15, 
you'll never be satisfied with a spark-gap converter. 
What’s more, the 15-kilowatt Integral 15 has the same 
melting capacity as 20-Kw spark-gap units. 


Compare Installation The entire unit occupies only 35” 
x 40” of floor space. The motor-generator, capacitors, 
transformers, and all controls are packaged in a single, 
compact console. Completely pre-assembled and pre- 
tested before delivery . . . all you do is tie-in power and 
water lines and you're ready to start melting. Radio 
shielding problems are eliminated. 


Compare Operation Whatever your melting problem. . . 
in small foundries, in research laboratories . . . you 
achieve optimum power for fast, efficient melting with 
minimum metal loss. In addition, the Integral 15 easily 
maintains a balanced 3-phase load . . . you can connect 
two furnaces to one power control . . . and it’s readily 
adapted for vacuum melting. 


NDUCTOTHERM 
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Compare Maintenance No more hydrogen to purchase, 
store, feed, and dispose. Moreover spark-gap converters 
operate at extremely high voltages with peaks up to 
20,000 volts, while the Integral 15 operates at a constant 
220 or 440 volt coil voltage. Safety factors increase, . . . 
arcing problems drop almost 99 percent. Costly mica 
insulation between coils is eliminated. In fact, the only 
maintenance needed is routine lubrication. 


Compare Cost The Integral 15 costs a little more than 
spark-gap units. But you start saving money the minute 
you start operation . . . in time, metal, maintenance and 
power consumption. You can amortize the cost differen- 
tial in a matter of months. And your savings are the 
same whether you purchase an Integral 15 outright or use 
Inductotherm’s unique rental or lease-purchase plans. 


Compare the Facts We'll gladly send you complete 
details on the Integral 15. Write for Bulletin 20-15. 
Other Inducto “Integral” models available with capac- 
ities of 30, 50, and 100 Kw. Address: Inductotherm 
Corporation, 412 Illinois Avenue, Delanco, New Jersey. 


Special Trade-in Offer 


Realizing that the Integral 15 obsoletes many spark-gap units 
just a few years after purchase, Inductotherm plans to share 

this early obsolescence with their customers by offering a trade-in 
allowance of 50% of the original purchase price of 

20 Kw Inducto spark-gap converters toward the purchase of 

the new Integral 15. This offer applies only to original purchasers 


§ of 20 Kw Inducto Melters and may be withdrawn at any time. 
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950. Heat and Corrosion 
Resistant Cast Alloys 

The Alloy Casting Institute has 

issued a 12-p. pamphlet listing 

46 technical papers, articles, re- 

prints, and data sheets on alloy 


selection, applications, research, 
fabrication and foundry practice, 
metallurgical structure and prop- 
erties, and testing methods for 
stainless and superalloy castings. 


Ferrous Metals 


951. 17-4PH Stainless 

Armco Steel Corp. has published data 
on 17-4PH stainless steel; stronger than 
Type 416, with corrosion resistance in the 
18-8 class. 


952. Alloy for Electronics 

16-p. data sheet on “Moly Permalloy” 
gives information on testing, hysteresis, 
heat treating, magnetization curves, core 
loss, graphs, plus physical, mechanical, 
and magnetic properties. Allegheny Lud- 
lum Corp. 


953. Toolsteel Selector 

The Allegheny Ludlum toolsteel “Steel- 
ector” booklet contains selector cards. 
descriptions of the various toolsteel 
rades, and explains individual “Data 
Stock lists” available for each grade. 


954. Alloy Steel Booklet 

“Quick Facts About moe | Steels” pub- 
lished by Bethlehem Steel Co. Elemen- 
tary information on steel heat treatment, 
properties, and microstructures. 


955. Stainless Steel 

Catalog “Armco Stainless Steels” dis- 
cusses applications for stainless sheet, 
strip, bar, and wire in 60 analyses and a 
broad range of sizes and finishes. 


956. Austenitic Stainless 

8-p. booklet explains nature and occur- 
rence of sigma phase, as well as its chemi- 
cal composition, identification, and effect 
on mechanical properties and corrosion 
resistance. Electric Steel Foundry Co. 


957. Cold Extrusion 
Republic Steel Corp. has released two 
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pamphlets: “Steel for Cold Extrusion” 
and “Steel for Cold Heading”. 


958. Vacuum-Melted Steels 
Booklet from Midvale-Heppenstall Co. 
ives details on “Midvac” steel produced 
y the consumable-electrode vacuum-arc- 
melting process. 


959. Alloy Steel Bars 

LaSalle Steel Co. will send Data Sheet 
22 covering “e.t.d. 150” alloy steel bars 
which need no heat treating for 150,000 
psi. tensile strength. 


960. Stainless Steel Products 

G. O. Carlson has issued booklet “Pro- 
ducing Stainless Steels . . . Exclusively” 
which includes sections on stainless steel 
plates, heads, forgings, and special shapes. 


961. Metallurgy Courses 

32-p. catalog describes courses available 
through Meta Institute. In- 
dividual home-stu y or in-plant extension 
courses include Elementary Metallurgy, 
Heat Treating, Welding and Foun 
Operations. American Society for Metals. 


Nonferrous Metals 


962. Zirconium Products 

“Zirconium Data File” gives informa- 
tion on production of Zr and Hf, melting, 
wrought products, alloys and properties, 
fabrication, and applications. Carborun- 
dum Metals Co. 


963. “Handbook of the Alloyist” 
Discusses advantages of several groups 
of alloys used in the electrical and elec- 
tronics industries. Properties and typical 
applications are given. H. K. Porter Co. 


964. Rare-Earth Chemicals 

Vitro Chemical Co. offers brochure on 
rare earth metals, chemicals, and alloys— 
thoria, gadolinium oxide, cerium and 
scandium chemicals, and rare earth-mag- 
nesium alloys. 


965. Nickel Alloys 

International Nickel Co. has application 
data and engineering information on 
nickel, its alloys, and the various grades 
of stainless for unusual conditions of 
stress, fatigue, heat or cold, or corrosion. 


966. Cobalt and Nickel-Base Alloys 
4-p. data sheet lists physical and me- 
chanicl properties, corrosion resistance, 
thermal treatments, fabricating data, 
available forms, and applications of 13 
alloys. Cobalt Information Center. 


967. Rare-Earth Metals 

Brochure from Lunex Co. contains in- 
formation on high-purity rare earth 
metals including neodymium, yttrium, 
and lanthanum. 


968. Copper-Base Alloys 
Special Alloys Kit No. 13 contains in- 
formation on alloys possessing high hard- 
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ness and wear resistance, good electrical 
conductivity, or free machining proper- 
ties. Mueller Brass Co. 


969. Molybdenum Sheet 

A.S.T.M. reprint presents data on prop- 
erties and of molybdenum- 
base sheet. Climax Molybdenum Co. 


970. Lead-Lithium Alloy 

14-p. report lists published literature 
on lead-lithium alloys covering investiga- 
tions carried out over the past 30 years. 
Foote Mineral Co. 


971. Molybdenum Products 

_ General Electric Co. will send informa- 
tion on molybdenum products—hearth 
plates, liners and brackets—used in high- 
temperature furnaces. 


972. Alloys of Copper 

Bulletin from Ampco Metal Inc. reviews 
“Ampco” metal applications for corrosion, 
wear and impact resistance. 


973. Lithium Developments 

The Lithium Corporation of America 
has information on lithium developments, 
including additions of this light metal to 
copper castings to eliminate porosity and 
improve conductivity. 


974. Metallurgy Courses 

32-p. catalog describes courses avail- 
able through Metals Engineering Institute. 
Individual home-study or in-plant exten- 
sion courses include Elementary Metal- 
lurgy, Heat Treating, Welding and Foun- 
American Society for 

etals. 


Heat and Corrosion 
Resistant Materials 


975. René 41 

Technical Bulletin No. 86 discusses 
René 41, the most dependable alloy in use 
today in the 1200 to 1800° F. range. Can- 
non-Muskegon Corp. 


976. Thermal Fatigue 
Electro-Alloys Div. will send you a re- 
ort entitled “The Mechanism of Thermal 
atigue”, by H. S. Avery. 


977. — Refractories 

The Refractories Div. has published 
“Super Refractories by Carborundum” 
which contains application and property 
data on special refractories. 


978. Corrosion Data Charts 

The corrosive effects of 400 different 
materials on 16 different alloy systems— 
including Hastelloys, Monel, Nickel, In- 
conel, aluminum, tantalum, titanium and 
zirconium—are shown in data chart pub- 
lished by Nooter Corp. 


979. Refractory Metal Chart 
Offered by Fansteel Metallurgical Corp. 
Lists the properties of the refractory ele- 
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NEW HORIZONS IN LEAD 


The Versatile Metal 


versatility of lead is 
developed. Today's 
signers are using lead’s u I 
acteristics in an ever- range 
of application. Through modern research, 
today's industry looks ahead with lead in oe 
more ways ever before. Here are some 


) BASE PIGMENTS + LEADED PORCELAIN ENAMELS + PEARLESCENT 
PIGMENTS—For Surface protection and decoration. 


ST. JOSEPH LEAD COMPANY 


250 Park Avenue * New York 17, N. Y. 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
Circle 1203 on Page 48-B METAL PROGRESS 


3 
an 
POWDERED LEAD SPUN LEAD 
POUNDS LEAD TAPE * To Absorb Vibration. 
LEAD SHIELDING + SOLID LEAD BONDED 
| TOOTHER METALS + LEADED GLASS* LEADED FABRIC- 
protection against X-Rays, Nuclear Radiation, and 
Pe-172 


ments tantalum, molybdenum, 
and columbium. 


980. High-Temperature Alloy 

16-p. booklet discusses “Haynes Alloy 
56”, a lower-cost, high-temperature alloy 
with good strength and oxidation resist- 
ance in the 1200-2000° F. range. Haynes 
Stellite Co. 


981. Superalloy 

“René 41” is vacuum-induction melted 
for higher strength and ductility. The 
alloy can be forged, welded, or formed. 
Details available from General Electric. 


982. Refractory Metal Parts 

Isostatic pressing and sintering of tung- 
sten and molybdenum powders produces 
high strength parts for high-temperature 
—such as rocket nozzles. Sylvania Elec- 
tric Products has the details. 


983. Ceramic Coatings 

The Norton Co. will send complete de- 
tails on “Rokide” coating process, an 
economical way to protect parts and 
equipment against extreme abrasion and 
temperatures to 4600° 


984. Molecular Bonding 

The molecular bonding process is de- 
scribed in 12-p. leaflet from Al-Fin Corp. 
Aluminum can be bonded to low-carbon 
or alloy steel, Kovar, cast iron, molyb- 
denum or stainless steel. 


985. Nickel-Base Alloy 

12-p. leaflet presents information on 
“Hastelloy B”, a nickel-base alloy com- 
bining excellent high-temperature prop- 
erties and corrosion resistance. Haynes 
Stellite Co. 


986. Zircoa Refractories 

Brochure from Zirconium Corp. of 
America details advantages of zircoa re- 
a for temperatures from 3000 to 
5500° F. 


987. 1800 to 2300° F. Service 

“Supertherm” is a 26% chromium, 35% 
nickel alloy stabilized with cobalt and 
tungsten. Application information and 
other details available from Electro- 
Alloys Div. 


988. Heat Resistant Castings 

72-p. booklet “Heat_Resistant Castings, 
Corrosion Resistant Castings . . . Their 
Engineering Properties and Applications”. 
International Nickel Co. 


989. Carbonyl Iron Powders 

28-p. brochure describes physical, chem- 
ical and electromagnetic characteristics 
of eleven types of carbonyl iron powders 
used in electronic high-frequency cores. 
General Aniline & Film Corp. 


990. Diffusion Coatings 

Folder from Haynes Stellite Co. dis- 
cusses diffusion coatings—hard, nonporous 
surfaces for metals and alloys which in- 
crease oxidation resistance at tempera- 
tures to 2300° F. 


991. High-Alloy Castings 

Catalog from the Duraloy Co. discusses 
castings for high-temperature (up to 2300° 
F.) or corrosion resistant applications. 


992. Tungsten and Molydbenum 

Sylvania Electric Products Inc. has pub- 
lished literature on tungsten and molyb- 
denum—available as billets and ingots for 
forging, as electrodes for arc casting, or 
as io for machining. 


993. Silicon Nitride 

Booklet “Silicon Nitride” covers high- 
temperature and corrosion resistant prop- 
erties and applications of the material. 
Haynes Stellite Co. 
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Radiation and 
Nuclear Materials 
994. Nuclear Metals 


Brochure describes laboratory and pro- 
duction facilities and other technical 
services supplied by Nuclear Metals, Inc. 


Tool Materials 


995. Toolsteel Guide 

Written by Dr. B. L. Averbach of M.LT., 
“Toolsteels”, a basic guide to the use of 
tool and die steels has been published by 
Climax Molybdenum Co. 


996. Toolsteels 

Bethlehem Steel Co. will send _ illu- 
strated Booklet No. 532 covering oil and 
air-hardening toolsteels. 


997. Toolsteel Identification 

The Gorham Tool Co. has published 
their ninth edition of a 26-p. booklet 
covering classifications and symbols for 
identification of high-speed steels. 


998. Tool and Die Steel 
12-p. brochure contains information on 
“LO-Air” tool and die steel. Reduces 
gunees and machining time. Universal 
yclops Steel Corp. 


999. Machining Aluminum 

Flyer from Baker Gubbins Co. gives the 
facts on “No. 505” water-soluble base 
which makes a stable, white emulsion in 
water and resists bacterial growth. It 
sinks chips and prevents caking of fines. 


1000. Protective Covers 

Bulletin E-60 explains how production 
tools and products can achieve longer 
working life with less maintenance by 
installing “Elasticone” covers over wear- 
ing parts. Central Safety Equipment Co. 


1001. Ballistic Flarer 
Cartridge-actuated tool makes possible 

the flaring of heavy-wall stainless tubing: 

4-p. Folder 4392B14 from Parker Hannifin. 


1002. Metal-Working Tools 

24-p. metal-working tool catalog from 
Plew Tool Corp. covers line of cold head- 
ing, forming and cutting tools. 


1003. Metal-Forming Machines 

The Fenn Mfg. Co. has published litera- 
ture illustrating metal forming machines 
—drawbenches, tube mills, swagers—that 
meet the challenge of the 60's. 


1004. Hot Work Die Steel 

Improved “Hotform” alloy increases die 
life, minimizes heat checking and crack- 
ing. Informaiion from Vanadium-Alloys 
Steel Co. 


1005. Abrasive Cut-Off Wheels 

Simonds Abrasive Co. has issued a flyer 
covering resinoid-bonded abrasive cut-off 
wheels. Recommended grain and grade 
specifications included. 


1006. Die Steels 

Data Sheet 10 presents characteristics 
and ae pe of “Super rotem”, a 
high-alloy die steel for use in deep draw- 
ing applications. Heppenstall Co. 


1007. Machine-Tool Control 

4-p. Bulletin GEA-7209 describes tran- 
sistorized machine-tool control capable of 
performing positioning and/or contouring 
from standard punched-tape program. 
General Electric Co. 


1008. Custom Forgings 

Bulletin 400 from A. Finkl & Sons Co. 
shows the wide variety of custom forgings 
produced, and the many facilities for 
producing them. 
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1009. Colloidal Dispersions 

Booklet “The Biggest Ounce of Pro- 
tection” discusses colloidal dispersions 
for improving pane and reducing 
costs. Grafo Colloids Corp. 


1010. Pinhole Detector 

Bulletin 310 explains “Model 371” pin- 
hole detector which automatically in- 
spects for small holes in metal strip and 


foil up to 40 in. wide running at strip 
speeds up to fpm. Franklin Elec- 
tronics, Inc. 

1011. Heavy-Duty Coolant 


Product data sheet describes physical 
properties of “Hocut No. 3210”, a water- 
soluble base for heavy-duty machining 
operations. E. F. Houghton & Co. 
1012. Machining of Metals 

16-p. engineering report, “A Yield Cri- 
terion Spans to the Shear-Angle Rela- 
tionship” by B. N. Colding, is available 
from achine Co. 


1013. Steel-Bonded Carbide Tools 

Properties and metallography of steel- 
bonded carbide tools covered in technical 
reprint available from Sintercast Div. of 
Chromalloy Corp. 


incinnati Milling 


Industrial Heating 


1014. Heat Treating Chart 

Tempil Corp’s four-color chart, “Basic 
Guide to Ferrous Metallurgy,” illustrates 
forging, burning, annealing, transforma- 
tion, stress-relieving, nitridin blue 
brittle, normalizing, and carburizing 
ranges, as well as grain size changes vs. 
temperature. 


1015. “Heat Treat Review” 

Contains discussion of new develop- 
ments in high-temperature gas carburiz- 
ing, including heating curves, photo- 
micrographs of test samples, and illustra- 
tions of carburizing equipment (Vol. 11, 
No. 2). Surface Combustion Div. 


1016. Furnace Controls 

Minneapolis-Honeywell will send de- 
tails on line of furnace controls, including 
“Electro-O-Line” unit for position-pro- 
portioning control with reset and rate 
action. 


1017. Induction Heating Equipment 
56-p. catalog from Induction aces 

Corp. reviews specifications and applica- 

tions for induction heating equipment. 


1018. Controlled Atmosphere 
Furnaces 
Bulletin K-1 reports on “Kleanmetal” 


atmosphere furnaces for operation at 1200 
to 2000° F. W. S. Rockwell Co. 


1019. Refrigeration Systems 

Data sheet and catalog gives full infor- 
mation on Harris Mfg. Co. “Cascade” 
refrigeration systems for low-temperature 
industrial uses. 


1020. Vacuum Heat Treating 
Bulletin 5709A from C. I. Hayes, Inc. 
gives the facts on vacuum furnaces for 
heat treating exotic metals (tantalum, 
titanium, columbium) in the 2600 to. 
4500° F. range. 


1021. Radiant Tubes 
Leaflet from General Alloys Co. reviews 


advantages (including long life) of 
wrought-cast radiant tubes. 
1022. Salt-Bath Furnaces 
Bulletin 700 details the “Cataract 


eel which meets practically any 
curve requirement with precision. 
Ajax Electric Co. 
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ANNOUNCING ANOTHER NEW COST-REDUCING 


Strain-Tempered Grade 


NOW...THE INDUSTRY’S MOST COMPLETE LINE OF 
HIGH-STRENGTH COLD FINISHED STEEL BARS 


NEW for maximum machinability 


Strain-Tempered 4145 Leaded is the easiest-to-machine high- 
strength alloy bar you can buy. Heat treatment and related 
distortion corrections after machining are eliminated. Tool 
life is increased. Both material and processing costs are 
reduced. Strain-Tempered 4145 Leaded is another money- 
saving development of Bliss & Laughlin research. 


Guaranteed Minimums: 150,000 psi tensile strength; 130,000 psi yield 
strength; 302 Brinell. Approximate minimums: 10°; elongation in 2’; 
35% reduction in area. 


LOWEST COST for highest strength 


Strain-Tempered alloys are also produced to other strength 
levels at savings from $29 to $87 per ton. Grades like 4140 and 
5150, for example, can be produced to individual mechanical 
property specifications such as: 115,000, 125,000 or 145,000 psi 
minimum tensile strength; 95,000, 105,000 or 125,000 psi min- 
imum yield strength; 217/255, 269/321 or 275/325 Brinell and 
27/34 or 28/36 Rockwell ““C’”’. Various combinations of severe 
cold working and special furnace treatment tailor the material 
to your exact requirements. 


PAY ONLY for the grade needed 


As in the case of Strain-Tempered Alloy, Strain-Tempered 
Carbon Bars are available in a variety of grades. You pay 
only for the grade which meets your machinability needs. 
These bars offer a unique combination of high strength, long 
wearability, good ductility and a low level of residual stresses. 


Guaranteed Minimum: 100,000 psi yield strength for standard Strain- 
Tempered C1144. 


NEW Strain-Tempered 4145 Leaded Now in Stock at Steel Service Centers 
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Specialists in Finish, Accuracy, Straightness, Strength and Machinability 


BLISS & LAUGHLIN 


GENERAL OFFICES: Harvey, Ill, © MILLS: Harvey, Detroit, Buffalo, Los Angeles, Seattle, Mansfield, Mass. 


ASK FOR FOLDERS 


LE. 


LEADED 
ALLOY 


4100 SERIES 
5100 SERIES 


CARBON 


1000 SERIES 
1100 SERIES 


Leading 


Independent 
Producer of Cold 
Finished Steel Bars 


: 
—~ 
| \ 4145 
~ 
i 


1023. Temperature Controls 
Brochure is available from Leeds and 

Northrup on “L&N” temperature controls 

for modernization or plant expansion. 


1024. Electric Furnace 

L and L Mfg. Co. will send information 
on “Dyna-Trol” furnace for applications 
such as heat treating, drawing, and glass 
amen Temperatures from 300 


1025. Electric Heating Elements 

24-p. Bulletin H illustrates line of 
“Globar” silicon carbide elements for 
various heat processing operations includ- 
ing forging, sintering, brazing, annealing 
and melting. The Carborundum Co. 


1026. Heat Treating Salts 
Eliminate scaling and decarburization 
in heat treating without special atmos- 
ay by using salt baths. Data supplied 
y American Cyanamid Co. 


1027. Furnace Retorts 

“Cor-Wall” rolled alloy retorts last 
longer; the bellows effect resulting from 
lightweight corrugated construction ab- 
sorbs thermal stresses. Get the facts from 
Stanwood Corp. 


1028. Hump Furnace 


Bulletin B-60 from Harper Electric 
Furnace Corp. explains hump-type mesh 
belt furnace which provides low dew 
point atmospheres for continuous brazing. 


1029. Industrial Ovens 
Bulletin 157 discusses accurate, depend- 
able low eost heat treating with Young 


Brothers ovens. Batch and conveyor types 
up to 1000° F. 


1030. Furnace For Toolsteels 
The “Diamond Block” toolsteel furnace 
a truly neutral atmosphere for 
igh-speed, high-chromium 
and air hardening steels. Information 
from Sentry Electric Furnaces Co. 


1031. Gantry Furnace 

12-p. catalog describes line of standard 
furnaces plus automatic gantry furnace 
for rapid production heat treating of 
large missile components. Pacific Scientific. 


1032. Temperature Regulators 
Catalog 360 illustrates temperature- 
regulating devices capable of controlling 
air or liquid temperatures within a frac- 
tion of a degree. American Instrument Co. 


1033. Induction Melting 

Induction melting provides precise con- 
trol for powder production by metal 
atomization. Send for copy of “The Case 
For Induction Melting” by Ohio Crank- 
shaft Co. 


1034. Automatic Furnaces 

Catalog from American Gas Furnace 
Co. details the advantages of “Automo- 
tion” automatic heat treating furnaces, 
both reciprocating hearth and rotary 
retort units. 


1035. Pyrometer Accessories 
Brochure from Bristol Co. covers line 
of pyrometer accessories, including ther- 
mocouples, protection tubes, radiation- 
unit accessories, refractory insulators, 
and thermocouple extension wire. 


1036. Automatic Vacuum Unit 
Ipsen Industries, Inc. has complete data 

and specifications on Model “VFC-300” 

automatic vacuum heat treating unit. 


1037. Heat Exchangers 

Bulletins 120, 124 and 132 contain in- 
formation on “Niagara Aero” heat ex- 
changers for controlling the temperature 
of quench baths. Niagara Blower Co. 


1038. Heat Treating Furnaces 

The Electric Furnace Co. will send in- 
formation on fuel fired and electrically 
heated furnaces for processing any prod- 
uct in any atmosphere. 


1039. Gas Burners 
“Buzzer” burners need no_ blowers, 
er or other equipment to effect com- 
ustion; simply connect to available gas 
supply. Catalog from Charles A. Hones. 


1040. Induction Heating 

Catalog from Lepel High Frequency 
Laboratories, Inc. illustrates line of high- 
frequency induction heating units for 
brazing and heat treating applications. 


1041. Heat Processing Equipment 
Literature from Selas Corp. shows how 
automatic heat processing equipment cuts 
operating costs, increases production rates 
and minimizes in-process inventory. 


1042. Thermocouple Wells 

Minneapolis-Honeywell has published 
Catalog G100-5 which tells about nine 
basic types of standard pressure-tight 


wells, with or without thermocouple 
assemblies. 


1043. Furnace Tubes 

The Pressed Steel Co. will send book- 
let detailing the advantages of light- 
weight fabricated radiant tubes. Saves 
furnace time and fuel and promotes uni- 
form flow of gas. 


1044. Vacuum Furnaces 

_8-p. Bulletin 800, illustrating complete 
line of vacuum furnaces, has been re- 
leased by Lindberg Engineering Co. 


Cleaning and Finishing 


1045. Etching and Plating 

Brochure from Eastman Kodak Co. on 
etching, chemical milling, and plating 
with “Metal-Etch Resist.” 


1046. Metallic Abrasives 
Information from Cleveland Metal 


Abrasive Co. on iron and steel abrasive 
shot and grit. 


1047. Sodium Nitrite Treatment 
Solvay Process Div., Allied Chemical 

Corp. will send booklet “Sodium Nitrite 

for Rust and Corrosion Prevention.” 


1048. Rust Removal 

Service Bulletin No.16B tells how to 
remove rust or prevent dust... safely and 
economically. kite Products Inc. 


1049. Precious Metal Platin 
Brochure from Sel-Rex Corp. discusses 


processes and systems for plating with 
precious metals. 


1050. Nickel Alloy Platin 

Chemical nickel plating app ies a hard, 
corrosion-resistant nickel alloy coatin 
without the use of electricity. Genera 
American Transportation Corp. 


1051. High-Temperature Paints 

Data sheets from Speco, Inc. give the 
facts on “Heat-Rem H-120A” aluminum 
paint for applications previously thought 
unpaintable due to temperature or severe 
atmospheric conditions. 


1052. Citric Acid 

30-p. brochure lists grades of citric acid 
available, physical and chemical proper- 
ties and applications (including metal 
finishing) in the metals industry. Miles 
Chemical Co. 


1053. Automatic Loading Systems 
Frederic B. Stevens, Inc., will send infor- 
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Tin-lined copper tube re- 
cently developed combines tin’s 
corrosion resistance and malle- 
ability with the strength and duc- 
tility of copper. Pure molten tin 
is gas-propelled through the tub- 
ing to form a continuous, fusion- 
bonded tin lining that will not 
chip, crack or peel, and can be 


Photo courtesy Phelps Dodge 


bent, flared, flattened or soldered. 
Tin provides immunity to cor- 
rosive sulfur conditions found in 
some natural gas and petroleum 
products; affords excellent resist- 
ance to flaking action that can 
plug lines and orifices and create 
hazards with gas appliances. The 
tin lining also prevents contami- 
nation of fluids in process lines 
of food, beverages, pharmaceu- 
tical and water distilling equip- 
ment and for sampling lines to 
laboratory or control instruments, 
according to its producers, Phelps 
Dodge Copper Products Corp. 


Acid pickling of steel be- 
fore hot tinning produces maxi- 
mum bond strength of bearing 
metal to steel. Shot blasting prep- 
aration lowers bond strength, 
possibly because of distortion, 
folding and flowing during pre- 
cleaning. 


FREE Brochure 


16 interesting 


ages of informa- 
about the = 

latest uses of tin a 

in U.S. industry. 

Write today for + 


The Malayan Tin Bureau 
Dept. S-25C, 2000 K St., N.W., Washington 6, D.C. 
Circle 1205 on Page 48-8 
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You win 
savings in the long run! With Vancoram Chromium Alloys. 


True economy is your prize in the long run when you choose from the comprehensive range of Vancoram 
Chromium Alloys—because there’s one ‘just right’ for every job you'do. And buying ‘nearly right’ just isn’t 
right enough! 

Vancoram Chromium Alloys meet specific needs for makers of stainless, heat-resisting, tool and constructional 
alloy steels, and for the foundry industry. Choose from high-, medium- and low-carbon grades, including 
EXLO,® a true ferroalloy with high chromium-to-carbon ratio. Vancoram Ferrochromiums and Ferrochrome- 
Silicons have a well-earned reputation for cleanliness and uniformity. Your VCA representative can help 
you select the composition ‘just right’ for you. Vanadium Corporation of America, 420 Lexington Avenue, 


New York 17, N.Y. + Chicago - Cleveland - Detroit - Pittsburgh 


Be sure to visit us at the Hotel Warwick 


during the A.I.M.E. Open Hearth Meeting, f ee) 
Philadelphia, April 10 to 12. CORPORATION OF AMERICA 


Producers of alloys, metals andchemicals 
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mation on automatic loading systems 
used in conjunction with automatic barrel 
plating and processing equipment. 


1054. Electrostatic Paint System 
8-p. Brochure 100 illustrates centrifugal- 

type electrostatic paint spray systems and 

equipment. Ionic Electrostatic Corp. 


1055. “The Abrasive 

November issue features an article de- 
tailing how die-cast aluminum parts can 
be ground to close tolerances of flatness, 
thickness and parallelism with 50% sav- 
ings. Carborundum Co. 


1056. Cadmium Brighteners 
Conversion Chemical Corp. has issued 

data sheets covering zinc and cadmium 

brighteners, wetting agents and purifiers. 


1057. Ultrasonic Cleaning 

Flyer from Acoustica Associates, Inc. 
describes 40-kc. line of ultrasonic clean- 
ing systems. 


1058. Rubberized Abrasives 

Cratex Mfg. Co. Inc. offers complete in- 
dustrial catalog covering rubberized abra- 
sives for micro-deburring, smoothing, 
cleaning and polishing. 


1059. Conversion Coatings 

Allied Research Products, Inc. has pub- 
lished technical data file on chromate 
conversion coatings for finishing zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass or bronze. 


1060. Blast Cleaning 

Information available from Pangborn 
Corp. on “Rotoblast” cleaning equipment, 
vibratory finishing equipment, steel shot 
and grit. 


1061. Alkaline Stripper 


Bulletin 9651 covers “Ruststripper”, a 
universal tank cleaner...removes rust, 
scale, paint and soils. Oakite Products. 


Welding and Joining 


1062. Welding and Brazing 

56-p. catalog and instruction manual 
covers welding, brazing, soldering and 
fluxes. Properties, uses and application 
data included. All-State Welding Alloys. 


1063. Resistance Welders 

12-p. brochure illustrates line of resist- 
ance welders—spot, projection, seam, 
roll-seam, portable welders, aircraft spot 
and seam, flash, multi-spot and automatic 
machines. Federal Machine and Welder. 


1064. Welding Guide 

80-p. “Vest Pocket Guide to Better 
Welds” published by Hobart Brothers 
Co., gives data on proper welding pro- 
cedures and techniques, causes and cures 
of welding troubles, welding symbols, 
electrodes, definitions, joints, wires and 
fluxes, and power sources. 


1065. MIG Welding 

Miller Electric Mfg. Co. has published 
literature which tells about the “Model 
CP-2” variable-slope, 200 amp. d-c. 
welder. 


1066. Stainless Brazin 

Furnace brazing of stainless parts gives 
joints as strong as parent metal. fall 
‘Colmonoy Corp. will send information 
on their stainless brazing facilities. 


1067. Flash Welder 

Asea Electric, Inc., has released a book- 
let which gives the facts on a tube flash 
‘welder. It features automatic internal 
flash and upset reduction in preformed 
tube elements. 
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1068. Flame-Cutting Machines 

Linde Co. will send 28-p. catalog illus 
trating complete line of “Oxweld” flame 
cutting machines. 


1069. Oxy-acetylene Flame 

Two full-color wall charts issued by 
Smith Welding Equipment Corp. show 
distinctive traits of an oxy-LP gas flame 
compared to oxy-acetylene flame. 


1070. Silver Brazing 

Bulletin 20 eugicine silver brazing and 
its benefits; includes details on alloys, 
heating methods, joint design and produc- 
tion techniques. Handy & Harmon. 


1071. Hardsurfacing 

Data Sheet No. 56 “Surfacing Austenitic 
Manganese Steel With Walmag No. 3 and 
Walmag No. 8” available from Wall Col- 
monoy Corp. 


1072. Automatic Torch 

Bulletin NH-142 discusses “Model A-10” 
automatic torch for MIG and TIG weld- 
ing and “Model AM-7” gun for semi- 
automatic welding. National Cylinder 
Gas Div. 


1073. Plasma See Process 


Brochure 101 explains the plasma spray- 
ing process and applications in high 
temperature protection, fabrication of 
parts of “unworkable materials” and dep- 
osition of carbide hardfacing. P 
Systems Corp. 


1074. Gold-Alloy Preforms 

Bulletin Z-108 gives the facts on gold 
alloy preforms for use as a joining mate- 
rial in semiconductor processing applica- 
tions. Accurate Specialties Co. 


1075. Temperature Crayons 

Pamphlet from Tempil Corp. contains 
information on “Tempilstik”, a simple 
and accurate means of determining pre- 
heating and stress-relieving temperatures 
in welding operations. 


1076. Chromallizing Process 

Chromallized molybdenum thermocou- 
ple housings will withstand temperatures 
to 4100° F. This and other chromallizing 
applications discu: in Bulletin PC. 
Chromalloy Corp. 


1077. Welding Torches 

8-p. booklet describes “Oxweld” mixer- 
type welding torches capable of welding 
any metal thickness from 28-gage sheet 
to heavy plate. Linde Co. 


Inspection and Control 


1078. Information Searching 

Brochure discusses documentation serv- 
ice which delivers the world’s current 
metallurgical literature to you every two 
weeks in digest form. American Society 
for Metals. 


1079. Specimen Mounting Material 

The Fulton Metallurgical Products 
Corp. has published a brochure describing 
“Quickmount”, a fast-setting, self-curing 
specimen mounting material that pro- 
duces clear mounts without application 
of heat or pressure. 


1080. Scientific Apparatus 

Scientific Products has published a 40-p. 
brochure entitled “S/P Review” (equip- 
ment and supply issue). A complete list- 
ing of major laboratory equipment and 
supplies is included. 


Information from Cooke, Troughton & 
Simms, Inc. on M12 metallurgical micro- 


scope which gives you superior optical 
performance. 


NEW KODAK 


METAL-ETCH 
RESIST 


opens new chemical-milling 
applications 


Speeds up, simplifies deep etch 
weight reduction and parts manu- 
facture. Reproduces fine-line detail 
as in plating, dial and name-plate 
making. This new photographic 
process ends time-consuming hand- 
work, results in high accuracy. 
Kodak Metal-Etch Resist withstands 
acids, alkalies, electrolytic fluids 

. adheres well to aluminum, 
titanium, magnesium, stainless and 
other alloy steels. High stability 
and strict uniformity simplify vol- 
ume production. Send today for a 
detailed 16-page brochure that 
gives all the facts. 


Text for this advertisement was set photographicolly. 
No statement or suggestion is to be considered o de 
tion or inducement of any use, manufacture or sale that moy 
infringe on any patents now or hereafter in existence 


Graphic Reproduction Sales Division _| 
EASTMAN KODAK COMPANY | 
Rochester 4, N. Y. 

Please send me a copy of the booklet, | 
“Etching, Chemical Milling and Plating | 
with Kodak Metal-Etch Resist’’ (P-36). | 


| 

| 

| 

| 

| 

| Name | 
| Company 

| Street 

| City 

| Zone__Stote___ 

| oO 
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Another Pq Test System at work 


This special Zyglo ZA-49 custom built 

for SKF Industries, includes an end- Magnaflux Field Engineer, 

less conveyor to move parts through 

the various inspection processing steps with Rudclph Sansonneti, Chief Inspector 

in timed sequence. One man can handle and Henry McNeal, Production Engineer, 

Airborne Accessories Corporation, 
Hillside, N. J. Unit is standard 

Zyglo ZA-37. 


(at right), discusses acceptance standards 


entire operation 


You Save Money Finding Cracks with ZYGLO —Large or Small 


Fluorescent Penetrant Test for Nonmagnetic Materials 


The big machine above is a specialized, automated Zyglo System with which 
one man tests up to 375 non-ferrous bearing cages per hour for cracks, porosity, 
or leaks. It includes complete conveyorized handling and programmed processing 


custom engineered and built by Magnaflux. Parts tested range from %” I.D 
The inset shows a hand-operated Zyglo ZA-37 used to test critical aircraft parts— 
ts. 
a 


10” O.D. 

from small screws in batches, up to 9-lb., 6” x 18” componen 

Dozens of other Zyglo Units and Systems—larger, smaller and in between these 
examples—are available in standard, productionized-standard and specially engi- 
neered installations. Whether you need to test thousands of small parts per hour, 


few large ones, or any combination, there’s a Zyglo to meet your specs and 


savings objectives. 

Further, no less than 26 precisely formulated Zyglo Test Materials provide 100% 
reproducible results at any degree of sensitivity you require. You never need over or 
For further information on Zyglo savings and quality standardization, phone our local 


under inspect with Zyglo. 
Magnaflux Field Engineer, or write Magnaflux Corporation, 7322 W. Lawrence 


MAGNAFLUX CORPORATION 
TEST SYSTEMS 


Avenue, Chicago 31, Illinois 


MX Test Systems Include MAGNETIC PARTICLE, FLUORESCENT PENETRANT, THERMOGRAPHIC, EDDY CURRENT, ULTRASONIC, STRESS ANALYSIS, RADIOGRAPHIC TESTING, DYE PENETRANT & MAGNETIC FIELD 
METAL PROGRESS 
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1082. Universal Tester 

Catalog from Instron sets forth details 
on a Universal Tester and other materials 
testing equipment. 


1083. Diffraction Equipment 
Pamphlet from Radio Corp. of America 
describes line of X-ray diffraction and 
ectroscopy equipment including an 
- ray vacuum spectrometer for analyz- 
ing the lighter elements (below atomic 
number 22). 


Production and Casting 


1103. Endothermic Generator 

Rolock Inc. has literature covering an 
endothermic gas generator. Features com- 
plete reversibility and self-cleaning of 
catalyst beds. 


1104. Steel Castings 

Esco Corp. has issued 24-p. Catalog 
175DS entitled “Custom Alloy teel Cast- 
ings” which contains data on heat, corro- 
sion and abrasion resistant alloy steels. 


1105. Gas Proportioners 

Gas proportioner systems which mix 
various gases at the point of eetetes 
are discussed in Information —.- 
20 from National Cylinder Gas Di 


1106. Aluminum Melting Furnace 
Bulletin SEC-12 lists the advantages of 
an aluminum melting and holdin furnace 
for use in permanent mold, sand or die- 
casting plants. Sunbeam Equipment Corp. 


1107. Ramming Mix 

H. K. Porter Co. announces the avail- 
ability of literature on “Kilmag Cladex” 
a burned magnesite-chrome basic brick 
with built-in expansion characteristics. 


1108. Ferrocolumbium Additions 
Vanadium Corp. of America has pub- 

lished literature on “Exothermic Ferro- 

columbium” which cuts production costs 

en to high recovery rates (90% or 
tter). 


1109. Vacuum “Micronicle” 
Periodical contains news about elec- 
tron beam welders and other information 
for product improvement with high-vac- 
uum equipment. NRC Equipment Corp. 


1110. Alumina Refractories 
Data sheets contain information on 
roperties and applications of B & W re- 
firebrick and ramming mixes. 
Babcock and Wilcox Co. 


1111. Hydrogen Atmosphere 

Pamphlet from Hamler Industries, Inc. 
explains their coordinated ammonia serv- 
ice, which can save you up to 50% of the 
cost of buying pure hydrogen. 


1112. Industrial Blowers 

Catalog 126B contains complete speci- 
fications on industrial blowers in standard 
capacities of % to 1000 hp., up to 20,000 
cfm., and 4 oz. to 10 lb. pressure. Spencer 
Turbine Co. 


1113. Vacuum Pumps 

Flyer from F. J. Stokes Corp. gives 
the facts on “Series H Microvac” pumps. 
Vacuum slide calculator also available. 


1114. Refractory Cement 

Information offered by Universal Atlas 
Cement Div. on aggregates, proportions 
and methods of making concrete with 
“Lumnite” cement. 


1115. Universal Seals 


Leaflet from McDanel Refractory Porce- 
lain Co. on universal seals for high-tem- 
perature vacuum furnace tu 
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Tool Steels 


For Every Need 


When you need Hot-Work Tool Steels, for standard or 
severe applications, turn to UDDEHOLM for a superior 
Swedish quality to satisfy your most exacting requirements. 
Our mills in Sweden produce grades that have exceptional 
toughness, will retain high hot-hardness and resist heat- 
checking, to give long production runs. 


Specify these grades for economy with UDDEHOLM Swedish Quality! 
For Brass and other high-temperature alloy Die Casting, Hot Press Forging and 
Hot Extrusion Dies — UDDEHOLM’S exclusive UHB CALDUR e UHB CALMAX 
For Aluminum, Magnesium, long-run Zinc Die Casting — UHB ORVAR — SAE H-13 
For Aluminum Hot Extrusion Operations — UHB SPECIAL — SAE H-12 
For Zinc Die Casting — Cold Hobbed Dies — UHB PREMO — SAE P-4 


UDDEHOLM Tool Steel Service Centers stock 
the grade, size and shape of Hot Work or Cold Work tool steels you need — 
ready for prompt delivery to you! 


Send for Technical inforniation and stock list on any grade you require. 


int UDDEHOLM AMERICA 


[ 155 East 44th St., New York 17, N. Y., MUrray Hill 7-4575 
TOOL & DIE STEELS 
COLD ROLLED. SPRING Serving American Industry for more than 70 years 
Branch Offices & Warehouses — Chicago, II|.— Cleveland, O.— Detroit, ‘Mich.— Los Angeles, Calif. — 


Newington, Conn.— Philadelphia, Pa.—In Canada—Uddeholm (Canada) Ltd., Montreal — Toronto 


One machine makes 


these 3 strength tests: == 
TENSILE 7 
TRANSVERSE 
= COMPRESSION 


Answer your needs for tensile, transverse, and 
compression testing with our Universal Testing 
Machine. Specify the maximum load you require, 
anywhere from 100 to 40,000 Ibs. Only two simple 
controls operate these hydraulically powered, auto- 
matic machines. Test results are instantly read 
from the load gauge. 
Ask for catalog sheets and prices, or send us your 
requirements for a quotation as this testing 
machine can be modified in many ways. 
Investigate the ‘DETROIT’ line of hard- 
ness testers, ductility testers, and tensile 


testers. Special testing machine require- 
ments are welcomed. 


DETROIT TESTING 
MACHINE COMPANY 


$384 Grinnell Avenue, Detroit 13, Michigan 
Circle 1210 on Page 48-B 
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engineering help when you specify 
extruded aluminum products 


Call in your nearby independent fabricator... 
Supplied with quality ALCAN aluminum by Aluminium Limited 


The practical everyday help you need in alu- 
minum application may be just around the 
corner—at your nearby aluminum extruder. 


You'll find he’s experienced! With knowl- 
edge gained through years of working with 
aluminum—he can help you design extruded 
shapes best suited to trouble-free production 
... peak end-product performance. He can 
help in alloy selection, too, offering you a wide 
variety of aluminum alloys formulated by 
Aluminium Limited. 


Your independent aluminum extruder also of- 
fers more personalized service ... your business 
is important to him. Even on small orders, he 
will give you the quality work, attention to de- 
tail and prompt delivery that assure your repeat 
orders. 

Call in your aluminum fabricator on your 
next extrusion order. Let him estimate on cost 
and delivery. Or, if you prefer, we'll be pleased 
to send you a list of leading independent alu- 
minum extruders in your area. 


Any shape . . . the right alloy. Your Modern equipment. Investigate the facilities 

nearby extruder can turn out alumi- — offered by your aluminum fabricator—you'll to your plant, your aluminum fabricator can 
num in a wide range of shapes to meet find him well equipped to serve you. His fa- arrange production schedules to suit your 
your most exacting requirements. He __ cilities, experience, location, and his personal- —_ needs. He can also work more closely with 
also works with you in choosing from __ ized service make him your best source of you in estimating, planning and engineering. 
a variety of ALCAN aluminum alloys. extruded aluminum products. 


Aluminium Limited Sales, Inc. Dept. MP-361 
630 Fifth Avenue, New York 20, N. Y. 


Gentlerien: Kindly send me a list of independent 
aluminuw: extruders in my area. 


Aluminium Limited 


Name Title, 


Firm 


In the U.S. — Aluminium Limited Sales, Inc. 
Address 

630 Fifth Avenue, New York 20, N. Y. 
CLEVELAND + CHICAGO + LOS ANGELES City Zone. State 
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To 7-1/2" OD x .375" wall 


OHIO Round Tubing 


A-3573A 


be 


OHIO Square Tubing 
To 6" x 6" x .259" wall 


OHIO Rectangu/ar Tubing 
To 7-1/2" major diameter x .259" wall 
Typical 4" x 6" x .259" wall section illustrated 


Announcing Mechanical — Pressure — Cold Drawn 


OHIO QUALITY WELDED STEEL TUBING 


in larger sizes...heavier wall thicknesses 


New sizes and heavier wall thicknesses of 
Ohio Quality Welded Steel Tubing (up to 
a 7%” OD) now parallel the sizes of famous 
Ohio Seamless Steel Tubing. That means — 
now more than ever — there’s a type and 
size of Ohio tube to fit your special require- 
ments exactly. And since we make both 
types, we’re in a position to recommend the 
best type for your own particular needs. 
Ohio Tubing — either welded or seamless — 
is just “made to order” for your product. 
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OHIO SEAMLESS TUBE 
Division of Copperweld Steel Company > SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing * Fabricating and Forging 


Cut along line and send air mail to save time. 


4 RUSH me, without obligation, latest information on new larger 
sizes and heavier wall thicknesses of Ohio Welded Steel Tubing. 

| Name Title 

Company 
| Address City State 


“i 
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Unique General Alloys’ : 
WROUGHT-CAST RADIANT TUBES 
give consistent long life ! 


General Alloys’ combination Wrought-Cast Radi- 


ant Tube Assemblies give consistent long life be- " - = 
cause they combine a cast return bend with straight 33 Lindberg Furnace Tube 
tubes made from rolled and welded plate. 3 Genera! Alloys is a 


This design utilizes the erosion resistance of the 4 Lindberg Licensee 
casting where it is most needed . . . at the return “ se ee 
bend. The uniform wall section of the plate form- 2 i ae 
ing the straight tube, and its smooth interior surface, =» 

prevent “hot spots” and “carbon build-up” that are 
the prime causes of erratic tube life. 


General Alloys Company is unique as a major 4 
producer of both castings and fabrications and : All Fabricated 
therefore can recommend, without bias, the type of oe 
construction best suited for your needs. 4 General Alloys Company also produces en- 


For complete data, quotes, or engineering service tirely cast, as well as entirely fabricated 
contact the office nearest you . . . or write General e radiant tube assemblies, in all the heat resist- 
Alloys Company, 401 West First Street, Boston 27, : ing alloys for every purpose and in every size. 
Massachusetts. 


Ask about how our tube repair service can save you money! 


the only producer of both heat resisting castings and fabrications 
National Engineering Service with offices and representatives in principal cities 


BAKER, La. CHICAGO, IIlinois FORT WAYNE 8, Indiana LOUISVILLE 7, Kent NEW YORK Z. New York 
Cross patos & Engineering Co. Goneral Alloys Company The George O. ‘Desautels Co. bpd +) 0. a is Co. General ys Co. 
P.O. Box 176 224 S. Michigan Ave. 2906 Broadway fe Aven 50 Ch 
BALTIMORE, Maryland CLEVELAND 15, Ohio neveran . Texas MEMPHIS 12, Teas. PHILADELPHIA, Pa. 
Emil Gatherann, ‘ir, General wm Brice Co. F. G. Donefrio General Alloys Co. 
413 North Charles Street 2036 East 22nd Street 303 Bastrop St. 463 Scott St. P.O. Box 251. “southampton, Pa. 
BIRMINGHAM, Alabama DENVER 15, Colorado ey PITTSBURGH 15. Pa. 
nary G, Mouat Co. Tracy C. Jarrett 2302 N. Meridian Street 405 Wysor Bidg ‘ Vincent C. Leathorty 
P.0. Box 7697 LOS ANGELES, Calif. NEW ENGLAND. Sharpeburg, 
eral A mpany loys Co mpan ‘weedy ayward Associ Stee 
P.0. Box 3-147 General Motors Bids. South Gate, California West Concord, Mass. P.O. niet Se oun: oo Station 
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THE 
AMERICAN SOCIETY 
FOR METALS AND 
METAL PROGRESS SERVES 
33,000 MEMBER READERS 
IN 11 MAJOR AREAS 
OF THE METAL INDUSTRY 


The ASM is the communications center for technical information 
wherever metals are produced, pr d, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering maga- 
zine of the Society, reports on engineering developments in 
these 11 major technological areas: 


FERROUS METALS 
NONFERROUS METALS 


HEAT- AND CORROSION-RESISTANT AND 
ELECTRICAL MATERIALS 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT 

’ TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT 
INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES 
CLEANING AND FINISHING EQUIPMENT AND SUPPLIES 
WELDING AND JOINING EQUIPMENT AND SUPPLIES 
INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES 
PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS 
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FIRST CLASS 
PERMIT NO. 1 


READER SERVICE DEPARTMENT 


METAL PROGRESS 


METALS PARK 


March, 1961 issue 
METAL PROGRESS 


READER SERVICE DEPARTMENT 


March, 1961 issue 
METAL PROGRESS 


METAL PROGRESS 


METALS PARK 


NOVELTY, 
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Complete 


Reader 


(Zone) 


Unnumbered Ads (Advertiser’s Names) 
pany names, or if used after 


With These Convenient 


if not an ASM member, please check box for complete 
information on membership advantages. 


Cards not valid without com 


May 31, 1961. 


SEND COPIES OF THE FOLLOWING ARTICLES, FREE 
Title 


“8 


BSE RP SERRA TATE 


Metal Progress March, 1961 issue 


Catalogs and bulletins, new products and serv- 
re] g = ices and most advertisements in Metal Progress 
‘ are numbered. To receive more information, 
i circle the appropriate numbers on one of these 
= s 2 # 2 postage paid cards. Editorial reprints will be 
2 sent free as long as they last. 
= < Catalogs and Bulletins are available from a 
3 : 3 3s 3 scrutinized and up-to-date list of manufacturers’ 
2 ~ < si F literature, conveniently indexed under the 11 major 
35 # Engineering Areas. 
giz /é |3 5 oOo More Facts on Advertised Products. Because some 
advertisements cannot be numbered, please write 
provided. 
. 
New Products and Services are numbered. Circle 
the postcard for more information. 
Reprints of Articles are yours for the asking as 
long as they last. No need to clip your Metal 
esese egescessssesese 
8 MBRFESRRESS SSSESESESISASSSESERTRRLESE Progress issue for reference filing; send for reprints. 
ge 
Please Include Your Name and Address! 
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HERE ARE 25 DISCRIMINATING 
BUYERS WHOSE OVER 152 ORDERS 
AND REORDERS PROVE COMPLETE 
SATISFACTION WITH THESE TWO 
UNITRON INSTRUMENTS. AMERICAN 
BRASS, BATTELLE MEMORIAL 
INSTITUTE, CARNEGIE INSTITUTE, 
DOW CHEMICAL, E. I. DUPONT, 
GENERAL ELECTRIC, GENERAL 
MOTORS, GOODYEAR ATOMIC, 
1. B. M., MINNEAPOLIS 
HONEYWELL, M. I. T, 
MISSOURI SCHOOL OF 
MINES, MOTOROLA, 
NATIONAL BUREAU OF 
STANDARDS, NATIONAL 
CASH REGISTER, R.C.A., 
REYNOLDS METALS, 
UNION CARBIDE & 
CARBON, UNIV. OF COLORADO, 
UNIV. OF CINCINNATI, UNIV. OF 
WASHINGTON, UNIV. OF WIS- 
CONSIN, U.S. GOVERNMENT, U.S. 
STEEL, WESTINGHOUSE ELECTRIC. 


took a total of 152 


UNITRON INVERTED Metallurgical Microscope: This compact unit provides many 
of the features usually found only in larger metallographs. Standard equipment 
includes optics for 25-1500X, polarizers, filters, transformer in base, etc. A built-in 
camera attachment for 35mm. photography is included with the binocular and 
available for the monocular model. Extra accessories include Polaroid camera 
attachment, vacuum heating stage and illuminator for transmitted light. Think of 
the time which your laboratory can save by providing each metallurgist with one 
of these handy, inexpensive units for use at his desk. 


Monocular Model MEC $399 Binocular Model BMEC $615 


UNITRON METALLOGRAPH and Universal Camera Microscope: A completely self- 
contained instrument of modern design for visual observation, photography, 
projection, and measurement of both opague and transparent specimens; using 
bright field, dark field, or polarized illumination. Standard equipment includes 
all optics for 25-2000X, polarizers, filters, 344’’x 444’ camera, and many accessories. 
Also available are camera attachments for Polaroid, 35mm., and motion picture 
photography; vacuum heating stage for temperatures to 1500°C.; and macro- 
objectives (5-40X). Even laboratories on a limited budget can enjoy the precision, 
speed and efficiency possible only with a complete installation of this type. 


Monocular Model § 1195 Binocular Model BU-11 § 1379 


There is a free 10 day trial offer 
on any UNITRON Microscope. 


Let the instrument prove it’s value to you — 

in your own laboratory — before you decide 

to purchase. 

See for yourself why... 

THE TREND IS TO UNITRON 
Circle 1125 on Page 48-B 


MODEL U-11 
INSTRUMENT COMPANY MICROSCOPE SALES DIV 
Please rush UNITRON’S Microscope Catalog 2-M 
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for X-Ray 
Diffraction and 
Spectroscopy. 


For all who are planning to establish new facilities or expand existing ones—here is a 
new comprehensive brochure which shows why RCA X-Ray Diffraction and 
Spectroscopy equipment deserves your full consideration. 


These precision-engineered instruments, outstanding for their technical excellence and 
performance characteristics, provide unusual versatility for a broad range of X-ray 
diffraction and spectroscopy studies. An excellent example is the inexpensive RCA 
kit which permits switching from diffraction to spectroscopy in less than 15 minutes. 
Fully described in the brochure are: 


Console Model Generator—Crystalloflex 1V—incorporates constant potential DC 
power supply plus many other advanced features. An easy-access electronic circuit 
panel is available for use with this unit. 


Compact Low-Priced Table Model Generator—Crystalloflex Il—an excellent tool for 
research projects entailing a high volume and wide variety of film work. Can be 
operated with up to four individually timed cameras simultaneously. 


An unusually complete line of attachments and accessories for X-ray diffraction and 
spectroscopy, including a versatile group of cameras, a pole figure goniometer, single 
crystal layer line and micro-fluorescence attachments, vacuum spectrometer, and 
digital print-out device. 

Contract services on RCA X-Ray Diffraction and Spectroscopy equipment and Electron 
Microscopes are available through eleven regional offices of the RCA Service Company. 
A NEW LEASING PLAN now makes it possible to obtain all scientific instruments 
with no down payment, low monthly terms and a favorable option to buy. 


For your free copy of this informative 
Brochure or for a quotation on your 
The Most Trusted Name in Electronics 
Radio Corporation of America, 
Dept. S-72, Building 15-1, Camden, N.J. ® RADIO CORPORATION OF AMERICA 
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GIVING 
METAL 


MUSCLE 


BY 


FORGING 


ialty Wyman-Gordon knows best 
is est pea to perform for you 


Specify “punishing service” in any environment—land, sea, air or space— 
and there is no substitute for a forging’s endurance. Likewise, specify 
reliability in your supplier and there is no substitute for experience. 


Here Wyman-Gordon has the outstanding record. Our background in hot 
working all forgeable materials covers more than three-quarters of a cen- 
tury. From it have come most of today’s major advances—in forging 
techniques, metallurgical controls and development of facilities for extend- 
ing size and complexity of forged parts. This accumulated know-how has 
done much to make Wyman-Gordon “forging headquarters” for an 
impressive list of industrial leaders. 


Most likely our experience in saving weight, adding strength and reducing 
machining cost on countless other parts—can do as much for yours. To 
get expert appraisal, ask to have a forging engineer call while designs are 
still on the board. 


WYMAN - GORDON 


FORGINGS 
of Alumii Magnesi Steel Titenium... ond Beryllium Molybdenum Columbium and other uncommon moteriols 
HARVEY ILLINOIS WORCESTER MASSACHUSETTS DETROIT MICHIGAN 


GRAFTON MASSACHUSETTS LOS ANGELES CALIFORNIA PALO ALTO CALIFORNIA FORT WORTH TEXAS 


Circle 1127 on Page 48-B 


/ 2 
ay 


STST* 


*Superior Tool Steel Tubing 


ODDS: 1000 TO 1 


TubeXperience in action 


TO CUT COSTS, IMPROVE 


PERFORMANCE IN 1001 DIFFERENT APPLICATIONS 


Superior tool steel tubing is an excellent material for tools, but 
equally good for 1001 other applications. Odds are that it will 
cut costs and improve performance wherever it is used. Type 
E-52100, an oil hardening grade of high-carbon and chromium 
alloy steel, has been widely used for such diverse applications 
as thread guides on hosiery knitting machines, nylon yarn 
guides, ball bearing races, nozzles for blast cleaning equip- 
ment, gear and pinion parts, dental instruments and extrusion 
mandrels. Type E-1095, a high-carbon steel tubing, is serving 


as applicators for jewelers’ oilers, leather and paper punches, 
and surgical instruments. 

Perhaps you have an application that can benefit from high 
strength and hardness, good wear resistance, abrasion resis- 
tance, shock resistance, and notch toughness. In that case, 
consider Superior tool steel tubing before you go any farther. 
It could give you a better product at a lower cost. Send for Data 
Memorandum #14, a handy guide to your thinking. Superior 
Tube Company, 2008 Germantown Ave., Norristown, Pa. 


Syoerrar file 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2YV, in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Operator loads automatic rotating TOCCO 
fixture for hardening rear spring hangers. 


The job they said “couldn’t be done” 
now being hardened —1 every minute 


with }OCCO™ Induction Heating 


This unusually shaped part is a rear spring hanger used 
in the spring suspension system of a major truck manu- 
facturer. The hardness pattern covers the “‘flat’’ section, 
which actually isn’t flat but blends two widely varying 
radii, and the sides or “‘ears”’ a portion of which must be 
hardened to the same depth—.060” to .090’’. Nine of 
these irregularly shaped castings are loaded in a rotating 
fixture and scanned progressively by a TOCCO inductor 
block at the rate of one per minute. An air gap of .060’ Mail Coupon Today — NEW FREE Bulletin 
is maintained between the inductor and the part—quite The Ohie Crankshaft Co. + Dept. R-3, Cleveland 5, Ohio 
a tricky achievement since the spring hangers are un- Please send copy of “Typical Results of TOCCO induction 
castings with normal foundry tolerances of Hardening ond Treating” 

This job is typical of many where TOCCO engineers some 
have worked out a satisfactory and reliable production 
setup for a supposedly impossible heating job. If you 
have a difficult heating job—hardening, brazing, solder- 
ing or heating for forming or forging it will pay you to 
consult TOCCO—without obligation, of course. 
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. PRE-HEAT 
1. At controlled rate (adjustable), 
2. At rate of slowest zone, or 
3. At maximum rate on all zones 
B. SUB-SOAK 
1. Hold for given length of time, or 
2. Hold only until all zones reach this temperature 
C. PRE-HEAT 
1. At controlled rate (adjustable), 
2. At rate of slowest zone, or 
3. At maximum rate on all zones 
D. SOAK TEMPERATURE 
Hold time adjustable between 0-10 minutes 
E. COOLING 
1. At maximum rate, or 
2. At controlled rate 
F. Initiate Further Cooling 
G. Hold Time adjustable between 0-8 hours 
H. Maximum Heating Rate 
1. Hold Time adjustable between 0-3 hours 
J 


. End of Program 


Designed for applications where temperature uniformity 
is of prime importance, L&N’s new master-slave program 
control system has the flexibility to take your product— 
with minimum temperature gradient—through various 
heating and cooling cycles. It is currently being used in 
brazing stainless steel honeycomb panels for supersonic 
aircraft and missiles. 


You can use this system on either batch or continuous 
furnaces . . . can control from either work or furnace 
temperatures. Heating cycles may be at a fixed rate, or 
at the rate determined by the slowest or fastest heating 
zone. As many as twenty-four zones may be automati- 
cally controlled by one master-slave programmer. 


This master-slave system is available with 3-action 
P.A.T. control for fuel-fired furnaces; with 3-action 
C.A.T. control for continuous, stepless regulation of 
input to electric heaters or blankets; or with D.A.T. con- 
trol for either electric or fuel-fired furnaces. 


The system includes Speedomax® H controllers with 
appropriate couples and control devices for each zone; 
and a master-slave programmer for automatically and 


When temperature uniformity is a must...reproduce your heat- 


treating cycles with L&N’s new master-slave program control 


continuously adjusting control-point for each zone. 


If your process can benefit from precisely controlled heating 
and cooling, you may be surprised to learn how large a 
return you can get by modernizing with this quality instru- 
mentation. For details, call your nearest L&N office, or 
write us at 4927 Stenton Ave., Phila. 44, Pa. Ask for 
Process Data Sheet 660(2). 


From Thermocouples 


Zone 1 Zone 2 Zone 3 
Final Control Final Control Final Control 
Device Device Device 

Control Soak 
Point Temperature 


Master/Slave Programmer 


Instruments 
Pioneers in Precision 


Circle 1130 on Page 48-B 


Automatic Controls e Furnaces 


METAL PROGRESS 


} 
i 
A 
é 
y 
| 
= 
LEEDS NORTHRUP 


al conductiv 
with An 


te 


like thic — arn 


Guu 


y PLUS machining savings 
nda Leaded Copper-126 


LEADED COPPER-126 


(Electrical conductivity 98% 1.A.C.S.T ) 
(Relative machinability, 80) 


stock 2 1/ 


CLIP ASSEMBLY 


(including leaves) 


Machine fill * 
Drill 
Tap 
hrs per 100 pcs. 


BLOCK 


Cut-off 
Slot 
Grind 
hrs per 100 pes. 


TOTAL 
hrs per 100 pcs, 


* Parts are assembled, 
pin drilled, and pinned on 
a semiautomatic machine. 

Machine does not operate 

satisfactorily with 

Electrolytic T.P. Copper. 


MACHINING COST COMPARISON 


ELECTROLYTIC T.P. COPPER 


(Electrical conductivity 101% 1.A.C.S.) 
(Relative machinability, 20) 


CLIP ASSEMBLY 


(including leaves) 
Hand fill 

Drill 

Tap 

hrs per 100 pcs. 


10.838 


BLOCK 

Cut-off 

Slot 

Grind 

hrs per 100 pcs. 


4.622 


TOTAL 
hrs per 100 pcs. 


Average for annealed 
metal—slightly lower in 
hard tempers 


. Scores of electrical components made by Barkelew 
Electric Mfg. Co., Middletown, Ohio, specialists in the 
manufacture and development of high-capacity switch- 
ing equipment for over 50 years, require high electrical 
conductivity in service and considerable machining in 
manufacture. The figures above for a clip assembly 
typify the savings made possible by the use of Ana- 
conda’s high conductivity Leaded Copper-126. Other’ 
applications include pieces machined from bar stock 
as large as 414” x 2”. Leaded Copper-126 is available 
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55% SAVING in production time PLUS savings in longer tool life—cutters, 400%—drills, 33%—taps, 33%. 
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in standard mill forms. For more information, see your 
Anaconda representative — or write: Anaconda Ameri- 
can Brass Co., Waterbury 20, Conn. In Canada: Ana- 
conda American Brass Ltd., New Toronto, Ont. 


ANACONDA 


ELECTRICAL COPPERS 


Anaconda American Brass Company 


6053L 


gr x 5/32” 
4.310 
ate | | 
2.641 
3 
535 


How from 
helps you keep production 


— TECHNICAL SERVICE. Your Steel Service Center 
representatives are experienced, trained to help on your 
steel applications. And when you buy Timken steel, help 
is also yours from Timken Company experts—specialists 
in fine alloy steel for over 40 years. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable: ‘‘Timrosco’’. Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Removable Rock Bits. 


PROMPT DELIVERY. You get fast dependable delivery of 
steel products from your Steel Service Center. It helps 
you keep production on schedule, meet emergencies. 
Steel Service Centers are equipped to prepare steel to 
size required, ready for use, cutting your processing 
cost. And when it’s Timken® seamless steel tubing, 
graphitic tool steels, alloy steel bars or biliets, you can 
be sure it’s the finest steel made. 


CUTS YOUR INVENTORY COST, RELEASES SPACE. Your 
Steel Service Center stocks a wide variety of steel 
products. Result—you can reduce your inventory costs, 
put inventory capital to work elsewhere. And you can 
release storage space for more productive work. 


Fine 
Alloy 
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our Steel 


Service Center 


schedules, cut costs 


FOR FAST, ABLE SERVICE ON TIMKEN* SEAMLESS STEEL 
TUBING, GRAPHITIC TOOL STEELS AND ALLOY STEEL BARS 


CALL THESE STEEL SERVICE CENTERS 


STEEL SERVICE CENTER 


LOCATION 


LOCATION 


STEEL SERVICE CENTER 


LOCATION 


STEEL SERVICE CENTER 


ALABAMA 
Birmingham O'Neal Steel, Inc.*t 


ARIZONA 
Phoenix 


CALIFORNIA 
Los Angeles Allen-Fry Steel Company* 
Baker Steel & Tube Co. ® 


Coulter Steel & Forge Co.*t 
Earle M. Jorgensen Co.*t 


Kilsby Tube Supply, 
Division of Republic Supply 
Co. of Calif.© 


Joseph T. Ryerson & Son, Inc. *® 


Service Steel Division 
Van Peit Corp.® 


Tube Distributors, 
California, inc. ® 


Tubesales® 


Coulter Steel & Forge Company 
(Emeryville) *t 


Earle M. Jorgensen Co.*t 
Joseph T. Ryerson & Son, Inc.*® 


Earie M. Jorgensen Co.*t® 


Oakland 


Sanfrancisco Baker Steel & Tube Co.® 
Earle M. Jorgensen Co.*t 


A. Milne & Co., Inc. 
(Burlingame)t 


COLORADO 
Denver Earle M. Jorgensen Co.*t® 
CONNECTICUT 
Windsor SAE Steels, Inc.* 
GEORGIA 
Atlanta A. Milne & Co., Inc.t 
O’Neal Steel, Inc.*t 
HAWAII 
Honolulu Earle M. Jorgensen Co.*t® 
ILLINOIS 
Chicago Chicago Tube and Iron Co.® 
Hy-Alloy Steels Co.*® 
A. Milne & Co., Inc. 
(Melrose Park)t 
The Peninsular Steel Co.t 
Joseph T. Ryerson & Son, Inc. *® 
Service Steel Division 
Van Pelt Corp.® 
INDIANA 
Ft. Wayne Tubular Sales® 
indianapolis The PeninsularSteel Co.t 
KANSAS 
Wichita Earle M. Jorgensen Co.*t® 
LOUISIANA 


New Orleans Earle M. Jorgensen Co.*t® 


MASSACHUSETTS 


Boston 


MICHIGAN 
Detroit 


Grand 
Rapids 


MINNESOTA 
St. Paul 
MISSISSIPPI 
Jackson 
MISSOURI 
St. Louis 


NEW JERSEY 
Elizabeth 
Englewood 
Jersey City 
Kenilworth 
Linden 


Newark 


NEW YORK 
Buffalo 


Garden City 
(L.1.) 


New York 


NORTH CAROLINA 


Charlotte 


OHIO 
Akron 
Cincinnati 


Cleveland 


A. Milne & Co., Inc.t 


Joseph T. Ryerson & Son, Inc. 
(Allston)*® 


Alloy Steels, Incorporated t 

A. Milne & Co., Inc.t 

The Peninsular Steel Co.t+ 
Joseph T. Ryerson &Son,!nc. ® 


Service Steel Division 
Van Pelt Corp.® 


Tubular Sales® 
The Peninsular Steel Co.t 


Paper, Calmenson & Company* 


O'Neal Steel, Inc.*t 


Ford Steel Companyt 
Joseph T. Ryerson & Son, Inc.*® 


A. B. Murray Co., Inc.® 
Tubesales® 

Joseph T. Ryerson & Son, Inc.*® 
A. Milne & Co., Inc.t 


Bowsteel Distributors 
Corporation* 

Faitoute tron & Steel 
Company, Inc.* 


The Peninsular Steel Co. 
(Tonawanda)t 
Joseph T. Ryerson & Son, Inc.*® 


Service Steel Division 
Van Pelt Corp.® 


Tube Distributors Co., Inc.® 


A. Milne & Co., Inc.t 


Joseph T. Ryerson & Son, inc. ® 


The Peninsular Steel Co.t 
Ford Steel Companyt 

Joseph T. Ryerson & Son, inc. ® 
SAE Steels, Inc.* 


Service Steel Division 
Van Pelt Corp.® 


A. Milne & Co., Inc.t 


The Peninsular Steel Co. 
(Bedford Heights)t+ 


Joseph T. Ryerson & Son, Inc.*® 
SAE Steels, inc.* 


Dayton Alloy Steels, Incorporatedt 
A. Milne & Co., Inc.t 
The Peninsular Steel Co.t 
Toledo The Peninsular Steel Co.t 
OKLAHOMA 
Tulsa Earle M. Jorgensen Co.*t® 
OREGON 
Portiand Pacific Machinery and Tool 
Steel Co.+ 
PENNSYLVANIA 
Bristol A. B. Murray Co., Inc.® 
Butler Keystone Pipe & Supply Co.® 
Carnegie A. Milne & Co., Inc.t 
Joseph T. Ryerson & Son, Inc. *® 
McKeesport A. B. Murray Co., Inc.® 
Philadelphia Capitol Pipe & Steel 
Products, Inc.® 
A. Milne & Co., Inc. 
Joseph T. Ryerson & Son, Inc. *® 
TENNESSEE 
Chattanooga O'Neal Steel, Inc.*t+ 
TEXAS 
Dallas Earle M. Jorgensen Co.*t® 
Joseph T. Ryerson & Son, Inc.*® 
Houston Earle M. Jorgensen Co.*t® 
Peden Iron & Steel Co.® 
Joseph T. Ryerson & Son, Inc. *® 
UTAH 
Salt Lake Coulter Steel & Forge 
City Company *t 
WASHINGTON 
Seattle Coulter Steel & Forge 
Company *t 
Earle M. Jorgensen Co. *t 
Joseph T. Ryerson & Son, Inc. *® 
Spokane Joseph T. Ryerson & Son, inc.*® 
WISCONSIN 
Milwaukee Joseph T. Ryerson & Son, inc.*® 
CANADA 
London, Vanadium-Alloys Stee! Canada, 
Ontario Limitedt 
Montreal, Drummond, McCall & Co., 
Quebec Limited® 
Vanadium-Alloys Steel Canada, 
Limitedt 
Toronto, Drummond, McCall & Co., 
Ontario Limited® 


Vanadium-Alloys Steel Canada, 
Limitedt 
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* Alloy Steel Bars and Billets 


t Graphitic Tool Steels 
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The above formula, recently 
developed with an assist from 
Instron, enables rheologists to 
predict, with accuracy, the complex linear viscoelastic 
properties of certain polymers from simple stress-strain 
data. For example, it is possible to calculate stress- 
relaxation modulus from a simple tension test. 

The equation itself was none of our doing, of course. 
(For details on how the equation was developed, sec 
below.) But we can point with pride to the fact that 


The Instron’s servo-controlled testing speed was extremely useful in the test. The constant 
crosshead speed imposed constant strain rate in the sample for elongations up to 150%. 
Unique extension-recording system of the Instron made it possible to measure strain 
accurately without extensometers. 


For advanced instrumentation 
in stress-strain behavior look to 


d Int 


sseeeeeeessOR HOW TO PREDICT VISCOELASTIC 
BEHAVIOR FROM SIMPLE STRESS-STRAIN DATA 


@® NESTRON @ 


ENGINEERING CORPORATION 
2507 Washington Street, Canton, Massachusetts 


the universal tester which fur- 
nished the stress-strain criteria 
used in the study of the applica- 
bility of the new formula to polymeric material bears 
the Instron name. 


EXPERIMENTAL VALUES OF CATSIFF AND 


20 so ww 
+, 


Stress-strain data reduced to unit strain rate 
at 298°K. 


Stress-relaxation modulus derived 
from stress-strain data compared with 
experimental data of Catsiff and 
Tobolsky. 


When accuracy is paramount, it is the Instron that is 
.. proof that 
you can do more with an Instron. If you have any 
problem at all related to materials 


often chosen to provide the standards . 


testing, write for the Instron catalogue. 
Also available: our ever-growing lib- 
rary of articles on advanced testing 
techniques, covering many fields. 
Yours for the asking — just mention 
your particular field of interest. 


How the formula was used: Samples of synthetic, non-crossed linked rubber were tested 
at 10 temperatures between —54° and 85°C, and at constant strain rates between 0.014 
and 0.104 x 10-* sec-' on the Instron Universal Tester. Stress-strain data were reduced 
mathematically to unit strain rate to yield a single curve for each temperature. Curves 
were then superposed to determine temperature dependence of viscosity, then all data up 
to 100% elongation were reduced to a single stress-strain curve accurately predicting 
viscoelastic behavior over nine decades of reduced time. It was shown that stress-relaxation 
modulus could be calculated satisfactorily from the reduced stress-strain curve 


The Instron comes in various models and sizes to suit the widest 
applications for use under all test conditions. 


Shown: Floor Model — load ranges from 2 grams to 10,000 Ibs. 


Sales and service offices the world over... staffed with Instron- 
trained engineers. 
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Corrosion from 
Oxidizing 
Chemicals? 


...lest HAYNES Alloys 


wah in such violently corrosive oxidizing agents as 
ferric chloride—at concentrations boosted to 40 per cent 
and temperatures as high as 140 deg. F.—HasTELLoY 
alloy C figuratively snaps its fingers. At room 
temperature, its reaction is nil! 

Alloy C and other HAyNgs alloys resist most of the 
common oxidizing chemicals. Alloy C also resists strongly 
oxidizing salts such as cupric chloride, ferric and cupric 
sulphate, and chromates and nitrates in sulphuric and 
hydrochloric acids. 


If oxidizing chemicals are a problem, you'll almost 
surely find the remedy among HAyNnEs alloys. There are 
nine HAYNEs alloys developed over a 30 year span of 
intensive concentration on corrosion problems and the 
metals that best resist them. 


Send for test sampies . . . by sending us a letter 

outlining your corrosion problem. We will send you test 
samples of the HAYNEs alloy best suited to resist it. Be 
sure to ask for a booklet on HASTELLOY alloys. Address 
us at 270 Park Avenue, New York 17, N. Y. 


HAYNES 


ALLOows 
HAYNES STELLITE COMPANY 


Division of Pe 
Union Carbide Corporation ~~ 
Kokomo, Indiana 


“Haynes,” “Hastelloy,”” and “Union Carbide” 
are registered trade marks of Union Carbide Corporation. 
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REPUBLIC HIGH-PERFORMANCE 


METALS FOR THE HU2K 


Scheduled for fleet delivery in 1961, the all-weather Kaman HU2K “SEASPRITE” was 
developed to meet high-performance requirements of the U.S. Navy. Working closely 
with Kaman design engineers, Republic Steel is supplying light gage titanium and 
stainless steel for the HU2K. 

Selected for its resistance to corrosion and abrasion, stainless is used in leading edges 
of the rotor blades. The titanium— Type RS140—is used in 1%” x 18” strips. Assembled in 
bundles of 88, these strips are machined into retention straps that are a vital component 
in the rotor system. 

May we help you utilize high-performance metals in your project? Republic is the nation’s 
largest producer of alloy and stainless steels, and a major producer of titanium. Republic 
has the most extensive vacuum-melting facilities ever assembled. For complete details, 
contact your Republic representative or mail the coupon. 


as 
sit 
* 
4 
} 


REPUBLIC VACUUM-MELTED METALS cre produced in 18- to 32- 
inch diameter ingots weighing from 4,000 to 20,000 pounds. 
Vacuum-melted super alloy steels, constructional alloy steels, 
high strength alloy steels, bearing steels, stainless steels, 
titanium, and special carbon steels are available from 
Republic in plates, billets, bars, sheets, strip, and wire. Mail 
coupon for complete information. 


3-DIMENSIONAL METALLURGICAL TEAMS: Republic's mill, field, 
and laboratory metallurgists and machining experts help you 
select and apply the metal best suited to requirements. Mail 
coupon for details on this confidential, obligation-free service. 


i 


BUNDLED TITANIUM RETENTION STRAPS cre designed to work 
through a torsion angle of +13°. Each strap provides a 
minimum tensile strength of 155,000 psi. The HU2K "SEASPRITE” 
is manufactured by the Kaman Aircraft Corporation, Bloomfield, 
Connecticut. 
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Strong 


Modern 
a 
VW, Dependable 


Where Steels are Made 
to Meet the Challenge of Acceleration 


REPUBLIC STEEL CORPORATION 


DEPT. MP -9656-A 


1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 


O Republic Titanium 
O Stainless Steel 

Have a metallurgist call: 
O Republic Titanium 
O Stainless Steel 


O Vacuum-Melted Metals 


0 Vacuum-Melted Metals 


Name Title 
Company 

Address 

City. Zone 
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Uranium melting on a production basis is accomplished by this Stokes 
induction melting furnace at Atomics International. Designed for safety and 
convenience, the furnace is serviced from the top and features a removable 
bottom section to facilitate handling of cast materials. 


62 


One of the largest cold-wall vacuum heat treating furnaces ever built, 
capable of operations at temperatures above 2000°F. was recently 
installed by Stokes. The huge furnace will be used in brazing and heat 
treating the high alloy steels used in the production of missile components. 
it has a vacuum chamber 12 feet long and 9 feet in diameter. 


First acid open hearth, vacuum stream ladle degassed, air-pouring of 
multiple ingots in the U. S. took place at Ohio Steel Foundry in Stokes 
equipment. Results showed low hydrogen values, good inclusion reduction 
and excellent physical property improvement. 
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CUSTOM APPROACH TO YOUR 


UNACCUSTOMED PROBLEMS... 


Staffed and equipped to undertake projects 
which contain unusual problems, Stokes offers 
the most comprehensive background of vac- 
uum metallurgical experience and know-how 
available today. Stokes is geared to tackle 
even the most complex assignments... 
assignments for which the application of high 
vacuum is the only practical solution. 


New vacuum methods and techniques—first intro- 
duced by Stokes—are helping to capitalize on more 
and more opportunities in the metallurgical field. 
These advances are helping industry break through 
old bottlenecks . . . while reducing operating costs. 
In the nuclear field, for example, Stokes equipment 
has been used to develop new methods for plutonium 
melting and casting, uranium melting on a produc- 
tion basis, and radioactive materials handling. In 
metal refining, hydrogen embrittlement is being 
reduced with the aid of Stokes vacuum stream 
degassing equipment. In melting, heat treating, 


charges of the metal are introduced into the vacuum chamber from the out- 
side, loaded into the crucible, melted, poured, and the cast pieces (in their 
molds} removed from the chamber . . . 
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a Stokes specialty in vacuum metallurgy 


F. J. STOKES CORPORATION ¢ 5500 TABOR 


At Misco Precision Casting Co., semi-continuous vacuum melting and casting 
are being accomplished in two Stokes induction furnaces. Successive 


without breaking the vacuum, 
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sintering and brazing . . . and in vacuum metallizing 
of thin and heavy coatings for decorative and func- 
tional applications . . . Stokes leads the field in 
new developments. 


Advantages that take the guesswork out of opera- 
tions . . . and brighten profit potential are inherent 
in Stokes equipment. For instance, we have demon- 
strated our capability in supplying a complete turn- 
key installation—erected, tested and delivered in 
operation. And our stocked components mean faster 
delivery, fewer costly holdups. All Stokes systems 
are offered complete . . . Stokes is your single source 
of responsibility for performance and reliability both 
before and after the sale. 


Let Stokes put its unique experience and facilities to 
work on your problems. Our Engineering Advisory 
Service will help you in planning and designing 
an installation that will best serve your exact 
requirements. And whatever those needs are, 
the inherent flexibility of Stokes design concepts 
is assurance 
that they will 
be satisfied. 


Vacuum Metallurgical Division 


ROAD, PHILADELPHIA 20, PA. 


Vacuum equipment capable of brazing panels in excess of 50 sq. ft. is 
being used in pilot operation by Grumman Aircraft Engineering Corpo- 
ration to fabricate structures for the “Eagle” air-to-air missile. The Stokes 
equipment employs a new procedure which eliminates expensive ond 
time-consuming welded “envelopes” to enclose the work. And high 
vacuum eliminates the need for costly inert gas. 4 
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HIDDEN VALUES in Finkl Products 


This mork tells you o product 
is made of modern steel. 


This is an etched portrait of 
FINKL Vacuum Degassed Steel 


The photo above shows a 14” x 14” etched slice of E4340 steel cogged from a 23” 
ingot weighing 8000 pounds. The dense, homogeneous, electric furnace steel is 
the result of a double slag practice, and vacuum degassing in the ladle with 
helium purging. 

Increased ductility, toughness, freedom from the danger of flake, and im- 
proved cleanliness are assured by degassing which removes two-thirds of the 
hydrogen and one-half of the oxygen. Machineability is also improved because 
of the lower content of oxygen and oxidic inclusions. 

All Finkl die blocks and hot work steels are vacuum degassed to bring you 
more production, less downtime due to breakage, better machineability with 
fewer tool regrinds, and higher luster in the impression. 

You get more from Finkl in quality products, continuing research, and 
engineering service. Call your Finkl representative for your forging, die block, ee 


and hot work die steel needs. letterhead for free BULLETIN 300. It 
shows the Finkl Process of vacuum de- 


SPECIFY FINKL DIE BLOCKS gassing steel with all its advantages 
AND HOT WORK STEELS FOR to you. 
“IMPRESSIONS THAT LAST” 


2011 SOUTHPORT AVENUE + CHICAGO 14. ILLINOIS 
Offices in: DETROIT » CLEVELAND + PITTSBURGH + INDIANAPOLIS » HOUSTON + BOSTON 
COLORADO SPRINGS « SAN FRANCISCO « SEATTLE BIRMINGHAM KANSAS CITY MILWAUKEE 
LOS ANGELES Warehouses in: CHICAGO + DETROIT + BOSTON + LOS ANGELES 
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New Brazing Furnace for 
Large Rocket Engines 


One of the important projects in our efforts to 
conquer space is the development of rocket engines 
to generate more than a million pounds of thrust. 
In this area, furnace brazing has proved to be a 
reliable method for fabrication of thrust chambers 
of rocket engines. Tubes are assembled (see p. 84 
for typical thrust chamber) and the chamber is en- 
closed in an air-tight retort which is purged with 
an inert gas. Brazing is done in a controlled non- 
oxidizing atmosphere. The furnace technique, 
which has been used to produce reliable chambers 
for current engines, also offers advantages in fabri- 
cating extremely large chambers where new high- 
strength stainless steel tubes do not lend themselves 
to hand brazing operations. New brazing tech- 
niques, developed by Rocketdyne Div. of North 
American Aviation, Inc., permit fabrication of a 
wide range of thrust chamber sizes in which a 
greater variety of high-strength steels can be used. 

The type of furnace which has been employed 
has been the conventional bell arrangement. When 
Rocketdyne started work to develop production 
facilities for the F-1 rocket engine, which will gener- 
. ate up to 1,500,000 Ib. of thrust, the large size of 

the chamber made it desirable to consider a new 
type of brazing furnace (shown schematically at 
right). Rather than employing an enlarged bell 
furnace, which would have required a tall struc- 
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ture to permit it to be lowered and raised, the new 
furnace, (engineered and constructed by Pacific 
Scientific Co., Los Angeles) uses two gas heating 
sections that move on rails to surround the retort 
containing the unbrazed thrust chamber. Temper- 
atures in the range of about 2300° F. are re- 
quired. When the brazing operation is completed, 
the furnace sections are moved away from the hot 
retort and two sections equipped for water cooling 
are positioned so that they surround the retort to 
speed cooling. Construction has been completed 


BRAZING FURNACE FOR LARGE THRUST CHAMBER 
Heating and Cooling Sections Move to 
Surround Retort 
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on the new furnace and trial runs are now in 
progress. Metal Progress will present a complete 
story (prepared by Rocketdyne engineers) when 
production information is available on fabrication 
of the F-1 engine. 

Thrust of the F-1 engine is the highest of any 
of the engines now being developed in the U. S. 
The single-chamber rocket engine used in clusters 
providing from 6 to 9 million Ib. of thrust could put 
a 400,000-Ib. load in a low-altitude earth orbit. 
Such a vehicle also could be used for a manned 
lunar landing and return to earth. Rocketdyne 
began research toward an engine in the million- 
pound thrust class several years before winning an 
N.A.S.A. contract to produce the F-1 engine. 


Engine Blocks and Heads Cast 
by Semi-Permanent Mold Process 


Semi-permanent molding is being used to make 
aluminum cylinder blocks and heads for the 1961 
Buick Special, Oldsmobile F-85 Pontiac 
Tempest at the rate of 1300 castings per day. Al- 
though die and low-pressure casting (see Metal 
Progress, February 1961, p. 84) have been em- 
ployed successfully to produce engine components, 
neither technique is feasible for the V-8, water 
cooled blocks and heads for the three new compacts. 

Produced by General Motors’ Central Foundry 
Div. in Defiance, Ohio, each of the castings re- 
quires six dry sand cores (a special urea sand mix 
with good collapsibility) to form the intricate 
crankcase and water jacket passages. Sand cores 
are also used to form the water jacket, header and 
intake and exhaust ports of the cylinder head. All 
cores are made in conventional mixing and blow- 
ing equipment. 

The alloy (356) is melted in four gas-fired re- 
verberatory furnaces. The metal is fluxed, analyzed 
and then tapped directly into 1000-Ib. delivery 
ladles and transported to gas-fired holding pots on 
the molding platforms. Gas content is checked and 
controlled in the holding pot. Some gas is desired 
since it breaks up the continuity of shrinkage and 


ALUMINUM BLock CasTING FoR V-8 ENGINE 
Semi-Permanent Mold Process Makes 


1300 Castings Per Day 


thus cuts the number of castings that are rejected in 
subsequent pressure tests. 

Blocks are cast vertically in hydraulically oper- 
ated machines. All sections of the metal molds are 
water cooled, temperatures being recorded on a 
master recorder. Precast gray iron cylinder liners, 
grooved to insure a good bond with the alumi- 
num, are positioned with retractable mandrels. 

After the casting is removed from the mold, it 
is cooled for about 2 hr., core sand is shaken out 
and fins are taken off automatically. Block castings 
are shot-blasted in the crankcase area to remove 
residual sand. Machining and further cleaning 
follow and finally an aging treatment for 5 hr. at 
400° F. to relieve stresses and stabilize the parts. 


Stainless Steel Used in 
Auto Mufflers 


Exhaust mufflers containing more than 50% 
stainless steel are being produced for the Ford 
Motor Co. The mufflers, used in the dual exhaust 
system of the 1961 Thunderbird, weigh 13 Ib. 
each. Seven pounds of stainless steel, an alloy 
known as MF-1 containing 11% chromium and in- 
troduced by Allegheny Ludlum, are used in the 
inner shell, one of the baflles and both of the muffler 
heads. The inner shell and baffle are 0.036 gage; 
heads are 0.048 gage. 

The new muffler is expected to last at least three 
times longer than standard mufflers. Metallurgists 
at Allegheny Ludlum estimate that MF-1 is five to 
six times more resistant to corrosion than alumi- 
nized steel and 15 to 18 times more resistant than 
mild steel. 


Two-Pass Welding of 
Thick Aluminum Plates 


By emploving a technique which will weld heavy 
aluminum plate in two passes instead of multiple 
passes as is now normally required, arc time and 
the amount of shielding gas used can be reduced 
by about 50%. Using modified automatic MIG 
welding equipment and 1/16-in. filler wire, en- 
gineers at the welding engineering branch of Kaiser 
Aluminum & Chemical Corp. in Oakland, Calif., 
have accomplished two-pass welding with full pene- 
tration and good weld quality in 5083 alloy plate 
2 in. thick. They report that some changes in 
equipment and attention to joint design are required 
for successful two-pass welding. 

One of the changes is that high current and volt- 
age are emploved. Kaiser engineers have worked 
with currents up to 450 amp. at 40 v. on an ex- 
perimental basis but state that 400 amp. appears 
to be the practical limit for this size of filler wire in 
shop production. This compares with 300 amp. 
and 30 v. commonly used for multi-pass MIG weld- 
ing with 1/16-in. filler wire and an argon shield. 
Deep penetration is obtained by increasing the wire 
feed rate until most of the arc is below the level of 
the plate surface. This does not decrease the arc 
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length but instead results in deep penetration. 

With plates up to 1% in. thick it is possible to 
use square butt designs; beveled edges are recom- 
mended in heavier sections. Butt and fillet welds 
can be made, but the large molten weld pool 
means that only flat or down-hand welding can be 
employed. 

Mechanical properties of two-pass welds have 
proved adequate to meet the strength requirements 
specified in the A.S.M.E. pressure vessel code. In 
addition, tests show that the welds also meet the 
side-bend requirements of the code which call for 
a 180° bend around a 2T radius without showing 
defects. Kaiser engineers attribute good weld 
quality to the formation of a large weld pool which 
remains molten for a longer time, thus allowing 
gases and oxide particles to escape. Because less 
metal and fewer weld passes are needed, the 
chances for contamination are reduced, 


Progress in 
Nonmetallic Materials 


Molybdenum disulphide filled with nylon is 
being used as a bearing material on new boat 
trailers made by Parish Pressed Steel Div. of the 
Dana Corp., Reading, Pa. The material is formed 
(by injection molding) into split ring bearings which 
snap into place inside steel tubes that serve as the 
hubs for inflated balloon rollers. In service the 
bearings are subjected to severe conditions of cor- 
rosion from salt and fresh water immersion, impact 
loading during transport and deformation during 
prolonged loading when the boat is on the trailer. 

Tests with the nylon-molybdenum disulphide 
material, called Nylatron GS by Polymer Corp., 
Reading, Pa., indicate that it retains the corrosion 
resistance of nylon but eliminates the problems of 
water absorption and cold flow. Bearing qualities 
are also retained even though flakes of rust work 
between the bearing and axle. 


Metal Powder Compacted 
in Big Gun Barrel 


Tungsten “pots” which are machined into exhaust 
nozzles for rocket engines of solid-fuel missiles are 
being made by compacting metal powder in a 
hydrostatic press. Pressing is performed in 50-ton 
barrels of 16-in. guns taken from World War II 
battleships. In the technique, which is being used 
at General Electric’s Lamp Metals and Components 
Dept. in Cleveland, tungsten powder is placed in 
watertight molds and is then compacted under a 
hydrostatic pressure of 25,000 psi. After being 
pressed, the tungsten slugs are then sintered to 
obtain strength and increased density. The sin- 
tered units can be machined, rolled or forged. 

Size of ingots which can be made in the press 
is limited only by the dimensions of the rifle bore 
of the gun. Maximum dimensions are 12 in. in 
diameter and 60 in. in length. Largest of the 
preforms to be made was one weighing 160 lb. 
having a depth of 4% in. and diameter of 10 to 
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Gun BARREL SERVES AS HyYDROPRESS 
Metal Powders Are Compacted for Rocket Nozzles 
and Electrodes Used in Arc Melting 


12 in. It will be machined as a throat insert for 
a rocket engine. 

Pressing equipment is also being used to make 
electrodes of tungsten, molybdenum, and_ their 
alloys for consumable electrode vacuum arc 
melting. 


From Here and There 


Steel ingots 50 in. in diameter and weighing 
about 60,000 Ib. are being made in a new vacuum 
melting furnace which recently began operating at 
the Watervliet (N.Y.) Works of Allegheny Ludlum 
Steel Corp. The furnace, probably the world’s 
largest of this type, was built by Lectromelt Div. 
of McGraw-Edison Co. Like smaller versions, it 
will be used primarily for producing clean ingots 
of superalloys for forgings and plates for the 
aerospace industry. 


Direct-Reduction Copper Plant 
Planned for Philippines 


A plant which will produce copper strip, tubing 
and wire by direct reduction of low-grade ores 
(and copper-zinc concentrates) will be built in the 
Philippine Islands. These products will be made 
by a process which includes chemical leaching 
and gaseous reduction. The resulting copper 
powder will be compacted and rolled on equipment 
developed by E. W. Bliss Co., (see Metal Progress, 
November 1958, p. 142). 

The new plant, to be built by Foster Wheeler 
Corp., New York, is expected to have an annual 
output of 14,000 tons of copper products, 100,000 
tons of ammonium sulphate fertilizer and 5000 
tons of zinc. 
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@& Amenican Society FoR METALS 
(SNT) Society FoR NONDESTRUCTIVE TESTING 


12th Western Metal Congress 


Los Angeles, March 20 through 24, 1961 


Consolidated Program 


(AIME) AMerIcAN INSTITUTE OF MINING, METALLURGICAL AND PETROLEUM ENGINEERS 
(ASTM) AMERICAN SocIETY FOR TESTING MATERIALS 
(SAMPE) Soctery or AEROSPACE MATERIAL AND PROcEss ENGINEERS 


(AF) Arr Force AEROSPACE BRIEFING SESSIONS 


All meetings at Ambassador Hotel, Los Angeles 


Monday, March 20 

9:00 a.m. — @ Metals Research 

9:00 a.m. — SNT Nondestructive Testing of Rock- 
ets and Missiles 

2:00 p.m. — @ Metals Research 

1:30 p.m. — SNT Nondestructive Testing of Rock- 
ets and Missiles 

2:00 p.m. — AF Advanced Systems Briefing 
(Attendance at this session is restricted to in- 
dividuals with proper Air Force security 
clearance.) 


Tuesday, March 21 

9:00 a.m. — @ Process Metallurgy 

9:00 a.m. —SNT Nondestructive Testing of Elec- 
tronic Components 

9:00 a.m. — SNT Panel on Isotopes in Industry 

9:00 a.m. — AF Aerospace Materials Session 

2:00 p.m. — @ Panel on Value Engineering 

1:30 p.m.—SNT Lester Honor Lecture 
High Energy Nuclear Radiations, Their Im- 
plications for Industry 

2:00 p.m.— AIME Materials at Their Highest 
Strength — Whiskers 


Wednesday, March 22 

9:00 a.m. — @ Laboratory Methods 

9:00 a.m.—SNT Nondestructive Testing in the 
Aircraft Industry 
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The detailed program for ASM and all cooperating soci- 
eties is presented in the February issue of Metals Review. 


9:00 a.m. — SNT Nondestructive Testing in the Oil 
Industry 

9:00 a.m. — AIME Vacuum Thin-Film Metallurgy 

9:00 a.m.— ASTM Effects of Conditioning or 
Processing on Fatigue Characteristics of 
Metals 

2:00 p.m. — @ Panel on Heat Treating Steels and 
Heat Resistant Alloys 

1:30 p.m. — SNT Selective Testing Means $avings 

1:30 p.m. — SNT Nuclear Developments in Testing 

2:00 p.m. — AIME Properties of Refractory Allovs 


Thursday, March 23 

9:00 a.m. — @ Metallugry for Advanced Design 

9:00 a.m. —SNT Nondestructive Testing in the 
Shipbuilding Industry 

9:00 a.m.— AIME Plasma Arc Applications to 
Metallugry 

9:00 a.m. — SAMPE Systems and Design Problems 
on Space Vehicles 

2:00 p.m. — @ Panel on Vacuum and Consumable 
Electrode Melting 

1:30 p.m. — SNT $elective Testing Means $avings 

1:30 p.m. —SAMPE Research and Development 
on Space Vehicle Materials 


Friday, March 24 


9:00 a.m. —SNT Educational Clinic on Nonde- 
structive Testing 
1:30 p.m. — SNT Educational Clinic 


METAL PROGRESS 


F 
= 
y 
| 
| 
: 
Ae 


Producing 
for the 
New 


Te echnologies 


Special Report 

on Expanding Opportunities 

in the Fields of the Future . . . 
Aeronautics . . . Astronautics . . . 


Missiles . . . Satellites . . . Rocket 
Propulsion . . . Re-Entry Spacecraft . . . 
Electronics . . . Atomics .. . 


This issue of Metal Progress is 
devoted to the technical capabilities required 

for manufacturing in the aerospace, q 
nuclear and electronic industries. 

Their needs cover the entire industrial 

spectrum — metals, fuels, ceramics, 

plastics, cryogenics, coatings and 

instruments. Developments made to solve 
problems of the new technologies 

will benefit almost every branch 

of the economy, either directly or indirectly. 

The decade ahead will see the use 
of high and low-temperature alloys, 
special processing techniques, cermet 
and ceramic parts, new coatings 

and sandwich designs in many 

other industries. 


Western Metal Show Issue 
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The B-70... 
7 a Challenge 


for New Technology 


Pine +. The B-70 Valkyrie is the most advanced manned air- 
) = craft ever attempted on a production basis. To the design 
engineer, it means new demands as each drawing takes 
shape. To the manufacturing engineer, it brings tooling 
and fabrication problems which require technological 
innovations for each step. To the materials engineer, it 
represents the ultimate challenge for materials performance 
and for precision in processing. 

The B-70 is not merely a Mach-3 stepping stone to 
faster aircraft. Because of the many factors that make 
Mach 3 (about 2000 mph.) the speed for maximum 
range, it is expected that the B-70 will be the forerunner 
of a new species of aircraft ranging from the bomber to 
missile launchers and commercial transports. 


Metals and Fabrication Methods 
for the B-70 


By WAYNE A. REINSCH* 


As THE MOST ADVANCED BOMBER yet en- 
visioned, the B-70 will fly farther, faster and 
higher than any other airplane now known to 
be on the drawing boards. Production of the 
first plane will climax more than 14,500,000 
engineering man-hours. 

In designing the B-70, the desired factor, 
range, dictated the other two variables, speed 
and altitude—to reach the range desired, a 
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delicate balance of speed and altitude was 
needed. Thus, to cover intercontinental dis- 
tances, the aircraft has to fly at 70,000 ft. at a 
rate of over 2000 miles per hr. (Mach 3). 
These basic design parameters establish the 
structural requirements in that they make it 
necessary to allow for a huge volume of 


*Supervisor, Material and Process Engineering, 
Los Angeles Div., North American Aviation, Inc. 
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fuel to supply six mammoth jet engines. This 
leads to a welded construction, using the skins 
of the aft fuselage and wing as integral fuel 
tank shells. The speed and altitude result in 
skin temperatures of 450 to 630° F. This means 
that steel and titanium alloys must be selected 
for the major structural materials. Engine com- 
partment temperatures up to 1600° F. require 
that nickel and cobalt-base superalloys be speci- 
fied for internal structures. Finally, these mate- 
rials must be assembled to provide fuel tight- 
ness, thermal insulation, resistance to acoustic 
fatigue and corrosion — employing maximum 
structural efficiency for minimum weight. 


Honeycomb for Strength and Heat Resistance 


Steel honeycomb fabricated into a sandwich 
by brazing was selected for major areas of the 
B-70 where maximum structural loads com- 
bined with skin temperatures of 450 to 630° F. 
are encountered. This type of construction 
provides optimum structural efficiency and 
excellent thermal insulation (to limit the tem- 
perature rise of the fuel), and it can be welded. 

The sandwich consists of facing sheets and 
honeycomb core of corrosion resistant PH 15-7 
Mo steel with various edge members and fit- 
tings —all joined with a silver-base brazing 
alloy as illustrated in Fig. 1. The brazing is 


The speed and altitude of the B-70 
results in skin temperatures 

of 450 to 630° F., which means 

that steel and titanium alloys 

must be used as structural materials. 
An all-brazed hydraulic system 

for operation at 450° F. 

and 4000 psi. gives considerable 
weight savings. Revealed here 

for the first time are details 

on types of metals and the 

precision techniques employed 

in fabrication of the B-70 — 

the new technology which someday 
may provide a fleet of airliners 

that will fly three times 

the speed of sound. (T24, G-general, 
K8, 17-57; SS, Ti-b, TS, SGA-h) 
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done concurrently with the first stage of heat 
treatment at 1725° F. This is followed by sub- 
zero cooling, and aging. The ceramic forms 
in Fig. 2 illustrate the variety of honeycomb 
shapes needed for the B-70, while Fig. 3 shows 
steps in the electric blanket brazing process. 

The PH 15-7 Mo* facing sheet is produced 
by Armco Steel Corp. to a degree of metallurgi- 
cal and dimensional control never previously 
achieved in a sheet product of this kind. The 
balancing of the austenite-stabilizing elements 
—carbon, nickel and manganese — with the 
ferrite-forming elements — chromium and alu- 
minum — produces the distribution of ferrite 
and tempered martensite desired in the heat 
treated and aged product. This balance also 
results in a reproducible Ms temperature of 
about 150°F., which is important during 
brazing because each panel contains many parts 
that often represent several different alloy 
heats. A reliable Ms thus assures that all parts 
of a panel begin to transform and grow simul- 
taneously during cooling. Thus, stresses and 
warpage are minimized, and dimensional con- 
trol is maintained. 

The narrow limits held for aluminum content 
also give a predictable response to age harden- 
ing. The precision to which alloy PH 15-7 Mo 
is produced confines the variation in tensile 
strength to 15% when parts are heat treated 
to the 200,000 to 230,000-psi. level. This is 
considered outstanding for an alloy of this 
metallurgical complexity. 


Processing PH Steel Sheet 


The PH 15-7 Mo sheet for the B-70 is rolled 
on a Sendzimir mill, then is stretcher leveled. 
Thickness tolerance is +0.001 in. in sheet up 
to 44 in. wide and in gages up to 0.100 in. Re- 
quirements on flatness and finish are critical. 

The facing sheets go through a number of 
processes before they are ready for brazing. 
The relatively high density of steel for aircraft 
structures requires that excess metal be re- 
moved, even in localized areas. This is done 
by chemical milling, machining and grinding. 
Some areas are pocketed to several depths, 
others are tapered. Facing sheets are usually 
made up of a number of individual parts, pre- 
pared as described above, then fusion welded 
to form an assembly for brazing. 


*Additional information on the general charac- 
teristics of PH 15-7 Mo is given in Metal Progress 
for March 1959, p. 121. 
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Parts are also machined from plate, bar and 
extrusions of both PH 15-7 Mo and AM 355 
alloys. In these applications, AM 355 is used 
where stock thicknesses exceed 1% in. to take 
advantage of its excellent transverse ductility. 


Processing Honeycomb Core 


Honeycomb core for the B-70 is fabricated 
from PH 15-7 Mo foil, 0.00075 to 0.004 in. thick. 
The tolerance limits for the foil are 5% of the 
nominal thickness. Thus, the tolerance for 
0.001 in. foil is +0.00005 in. 

This remarkable product which was devel- 
oped for the B-70 by the Wallingford Steel Co. 
is made on a Sendzimir mill in widths up to 
23 15/16 in. The foil is produced in two condi- 
tions, annealed or partially cold rolled. An- 
nealed material is used for core blankets which 
require forming to contour. Partially cold 
rolled material, designated “4 C”, is used for 
flat core, and it has better machinability than 
the annealed material. The foil is given an 
inhibited pickle after the final anneal to remove 
any oxides which would impair brazing. 

Foil is made into honeycomb core with 
square-shaped cells of sizes ranging from ¥% to 
4 in. To extend the depth of the core, cells 
are joined at their corners by intermittent 
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Fig. 1 — Assembly of Panel 
for the B-70 Prior to 
Brazing Includes Silver 
Brazing Alloy (Right), 
Honeycomb Core of PH 
15-7 Mo_ Steel, Facing 
Sheets and Edge Members 


resistance welds. The welded zone, called a 
node, is the most important part of the core 
from a structural standpoint. 

The core is made by one of two methods. 
In one, the foil strips are preformed, then 
welded. In the other, called the HOBE 
method, welding is done in the flat, then the 
core is expanded to obtain the correct cell 
configuration. 


The Brazing Alloy 


The brazing alloy used to join the facings and 
core for the sandwich must meet a number of 
difficult requirements. To serve its purpose 
properly, this alloy must: 

* Provide adequate brazed fillets for the 
core to face bond. 

* Flow uniformly along the core nodes to 
boost column. strength. 

® Possess low thermal conductance so that 
the insulating property of the sandwich panels 
is not impaired. 

* Remain in place on curved panels, rather 
than flow to the low points. 

® Produce a braze at a temperature com- 
patible with the heat treating cycle of PH 15-7 
Mo steel. 

Development of a brazing alloy to satisfy 
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Fig. 2—Size and Contour of Various 
Honeycomb Sandwich Parts To Be 


Fig. 3—View of Three Electric Blanket Tools 
for Brazing in Various Stages of Preparation. 
Shown (front to rear) are: Resistance heaters 


Made for B-70 Are Illustrated by These 
Ceramic Faces for Electric Blanket Brazing 


over ceramic form; resistance heaters covered 
by insulator and glide sheet, and com- 
plete assembly with top half of tool in place 
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these needs was a formidable problem which 
was solved through the joint efforts of metal- 
lurgists at North American’s Los Angeles Div. 
and the research staff of Handy and Harman. 
The alloy is a silver base (84.6%) alloy which 
brazes at 1725°F. Indium (5.5%) is added to 
reduce the high thermal conductivity that is 
characteristic of silver. Palladium (2.2%) is 
added to raise the brazing temperature so it 
will be compatible with the first stage of heat 
treatment of the PH 15-7 Mo steel. The alloy 
also contains 0.2% lithium for self-fluxing (a 
principle which has been successful in other 
brazing alloys) and 7.5% copper. To control 
alloy drainage in curved panels, a nickel dis- 
persion (20 vol.%) is added to the braze. 


Titanium Structures in B-70 


Structural components of titanium alloys are 
used extensively in the forward fuselage sec- 
tions and in the horizontal stabilizer. Since 
these are not fuel-containing areas, a skin and 
frame-type structure assembled by mechanical 
fasteners is used. These areas must withstand 
flight temperatures of about 550° F. and, under 
the loads imposed, the skin and frame titanium 
structure provides a weight advantage over 
steel honeycomb. 

Two heat treatable sheet alloys are employed. 
For parts requiring welding, 6 Al, 4 V sheet is 
used. For parts requiring maximum forma- 
bility 4 Al, 3 Mo, 1 V sheet is preferred. Sheets 
are chemically milled to achieve the required 
thickness tolerances of +0.000 to —0.002 in. 
The alloys are purchased in the annealed, 
solution-treated, or the solution-treated and 
aged condition, depending upon fabrication 
sequence for the individual parts. Both alloys 
are used at a tensile strength of 160,000 to 
190,000 psi. 

The substructure is fabricated from parts 
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Fig. 4— Structural Test Section of B-70 Wing 
Consists of Upper and Lower Panels of Brazed 
PH 15-7 Mo Panels and Sheet Metal Bulkheads 


machined from bar, forgings and extrusions of 
titanium alloy 6 Al, 4V and 7Al, 4V which 
are subsequently heat treated and aged. Ribs 
for the horizontal stabilizer are of a modified 
I-beam type (Fig. 5). They consist of caps and 
webs joined by “burn-through” fusion welding 
(tungsten inert gas). The webs are of a sine 
wave configuration. Welding the sine wave 
geometry from the cap side and concurrently 
adding filler metal at the proper rate has re- 
quired ingenious techniques. 

For assembly of larger skin areas of mild 
curvature, 6 Al, 4V sheet is purchased in the 
solution-treated and aged condition, chemically 
milled to the required thickness tolerances, then 
welded, followed by a stress-relief at 1000° F. 
for 30 min. 


Fabricating of H-11 Steel 


A.LS.I. Type H-11 steel is used in many 
internal structural areas of the B-70 fuselage, 
wing and horizontal stabilizer, as well as in 
the landing gear struts and related mechanisms. 
The alloy is a 5% Cr, 0.40 C air hardening mate- 
rial. Fabricated parts are heat treated to a 
tensile strength of 280,000 to 300,000 psi. The 
high strength and high modulus of the material 
justify the great care required in processing 
these assemblies. Also, the notch sensitivity of 
such a high-strength material demands that all 
possible precautions be taken to minimize stress 
concentrations. 

For the B-70, these precautions begin with 
the requirement that all material be vacuum 
melted by the consumable electrode process. 
Surface conditions are carefully controlled. 
Areas which are critical in fatigue are required 
to be free from decarburization. Less critical 


METAL PROGRESS 


- 
| 
f 
4 
| 
| 
q 
4 
iva < 


areas permit no complete decarburization and 
a maximum depth of partial decarburization of 
0.003 in. These limitations have been estab- 
lished with full knowledge of the opinion some- 
times heard that “controlled decarburization is 
beneficial”. A fine surface finish (8 and 32 rms.) 
and shot-peening further assure maximum re- 
sistance to fatigue. 


Precautions in Fabricating H-11 Parts 


The H-11 structure includes many types of 
parts, among which are large welded frames 
with thin webs and caps. Many parts require 
threading, straightening or grinding. Each 
process is a potential source of trouble; a few 
of the necessary limitations are given below: 

1. Threads — When made to the MIL-S-7742 
configuration, they must be rolled. Acme, 
Whitworth, or “radius root” threads may be 
rolled or ground. 

2. Welding — Preheat and postheat treat- 
ments are required. Welds are made while the 
part is maintained at 600° F. Weldments must 
be fully annealed before heat treating. 

3. Cold straightening — When applied to heat 
treated parts, cold straightening must be fol- 
lowed by stress-relieving at 925° F. for 2 hr. 


Fig. 5— Modified I-Beam Rib for 
Horizontal Stabilizer of B-70. Rib 
consists of a web with a sine wave 
configuration welded to the caps 


4. Rough edges — Burrs, deep scratches and 
rough edges must be removed before the part 
is heat treated. 

5. Grinding — Care is required to prevent 
checking, and all grinding must be followed by 
stress-relieving at 925° F. for 2 hr. 

Corrosion protection is provided in several 
ways, depending upon function of the part and 
service temperature. Sprayed aluminum coated 
with a silicone resin is used for some parts with 
service temperatures up to 900°F. A nickel- 
zine electroplate coated with a silicone resin 
protects other parts for the same service tem- 
peratures. Vacuum-deposited cadmium is used 
for some applications where service tempera- 
tures do not exceed 500° F. 


Brazed Hydraulic Lines and Components 


The hydraulic system of the B-70 is designed 
to operate at a pressure of 4000 psi. at 450° F. 
It is made up principally of AM 350 steel tubing 
for lines, and AM 355 and H-11 for fittings and 
components. 

The AM 350 steel used in tubing for the lines 
is an alloy developed by Allegheny Ludlum 
Steel Corp. It is produced as a special temper 
in tube form for the B-70 by Wallingford Steel 
Co. and Trent Tube Co. The tubing is made 
by fusion welding of strip, then cold drawing 
with intermediate anneals, and finally giving 
the product a cold draw to reduce wall thick- 
ness about 30%. Final drawing is followed by 
an aging treatment at 850° F. 

The AM 350 alloy is an austenitic precipita- 
tion hardening stainless steel, metastable at 
room temperature in the annealed condition. 
During the final reduction in the tube-drawing 
process, strain transformation occurs resulting 
in a structure of cold worked martensite, cold 
worked austenite, and cold worked ferrite. The 
aging treatment stabilizes the remaining austen- 
ite to assure that no further transformation will 
occur during service. This treatment also tem- 
pers the existing martensite, and age hardens 
the alloy. 

This metallurgical structure provides a rather 
remarkable combination of properties, which 
give adequate strength for design and good 
forming characteristics. Minimum values of 
175,000 psi. ultimate strength, and 140,000 psi. 
yield strength are consistently produced. An 
elongation of 30% in 2 in. is typical; it permits 
a bend radius as small as three times the tubing 
diameter to be used. 

The complex arrangement of the hydraulic 
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system will require about 5000 joints in the in- 
stalled tubing. They must be of minimum 
weight, and capable of being installed in very 
congested areas. Induction brazing with light- 
weight sleeves has been developed to meet 
these requirements. The sleeves are machined 
from AM 355 precipitation hardening steel and 
are grooved internally to accept the preformed 
rings of brazing alloy. 

The brazing alloy is a silver-base alloy, con- 
taining lithium for self fluxing, which brazes 
at about 1500°F. Joints are made by assem- 
bling the tubes and the sleeve containing the 
brazing alloy, positioning the induction heating 
coil with a purging chamber, purging with 
argon, and finally heating. The process illus- 
trated in Fig. 6 has been developed to a degree 
which is efficient and reliable. 


Brazing Saves Weight in Components 


Assembly by brazing saves weight in fabri- 
cating hydraulic cylinders and valves. These 
are made of H-11 steel, brazed to other H-11 
parts or to Type 321 stainless steel details, and 
AM 355 steel, brazed to AM 350 steel tubing. 
In these designs the high strength and high 
modulus of elasticity of H-11 steel are impor- 
tant. A tensile strength of 260,000 to 280,000 psi. 
provides high bursting strength and high bear- 
ing strengths at attachments. The high modu- 


lus of 31,000,000 psi. minimizes the deflection 
of cylinder walls under high pressure and per- 
mits the required seal to be maintained between 
pistons and cylinder walls. 

These assemblies are brazed and heat treated 
concurrently in a manner similar to that de- 
scribed earlier for brazed sandwich. The H-11 
is first transformed and tempered to produce 
the required dimensional stability and machin- 
ability. This is followed by finish machining, 
and stress-relieving at 800° F. Parts are then 
assembled in the retort with preplaced rings 
of brazing alloy (82% Au and 18% Ni). The 
assembly is next austenitized and brazed con- 
currently in a hydrogen atmosphere at 1850° F. 
Finally, the assembly is triple tempered at 
about 1000° F. Figure 7 shows a typical H-11 
steel cylinder brazed to Type 321 stainless lines 
with the process control tensile bar included. 

Valves and fittings employ AM 355. steel 
bodies brazed to segments of AM 350 tubing 
where subsequent joining to AM 350 hydraulic 
lines is required (Fig. 8). The process is similar 
to that described for H-11 except that the 355 
is brazed to 350 with a silver-base alloy, 
which has a brazing temperature (1710° F.) 
compatible with the austenite-conditioning 
temperature of the precipitation hardening 
steels. Brazing is followed by subzero cooling 
and tempering at 850° F. 


Fig. 6—Brazed Joint for B-70 Hydraulic 
System (Left) Compared with Conventional 
Joint Employed in Aircraft. About 5000 
joints are required in the complex hydraulic 
system of the B-70. Drawing (right) illus- 
trates tooling used for brazing tubing 
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Fig. 7—Typical Hy- 
draulic Actuator Cylin- 
der Slowing H-11 Steel 
Barrel Brazed to Type 
321 Stainless Steel Lines. 
Process control coupons 
are included for tensile 
and decarburization tests 


Fig. 8— Hydraulic Valve 
Fabricated by Brazing AM 
355 Steel Body to Tubing 
Segments of AM 350 Steel 
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Service temperatures of the B-70, except in 
the air-conditioned crew and electronics com- 
partments, also pose severe problems for the 
nonmetallic materials engineer. It is planned 
to produce landing gear tires from butyl rubber 
with HT-1 nylon fabric reinforcement. Wheel 
wells will be insulated to limit the temperatures 
to the maximum capability of this combination, 
about 360° F. The hydraulic system, operating 
at about 450° F., demands that conventional 
fluids be abandoned in favor of Oronite 8200, 
a disiloxane ester. Radomes require glass cloth 
impregnated with silicone resin, and dielectric 
isolators designed to carry structural loads em- 
ploy glass cloth impregnated with phenyl-silane 
resin. 


The Challenge of the Future 


The task of developing materials to meet 
advanced capabilities of the B-70 has rested 
mainly with the suppliers of materials. Re- 
sponsibility for design, process development, 
and acquisition of fabrication skill has been 
carried by North American and by the sub- 
contractors participating in the program. The 
vast progress in materials technology repre- 
sented by the B-70 is due to the foresight of the 
program sponsor, the U. S. Air Force. S$ 
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Large Gantry Furnace Ready to Heat Treat a Rocket Motor 
Chamber. Capable of heat treating chambers up to 100 in. in 
diameter, this unit is one of the largest in the world today 
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For Stronger Missile Cases 


The trend to higher strength in sheet steels for rocket cases 


... Decarburize! 


By JOHN M. LYNCH* 


has been slowed by two drawbacks: the drop in toughness 

and the increased susceptibility toward notch sensitivity 

which goes along with these greater strengths. Surface decarburization 
is suggested as a means for toughening the sheet surfaces. 

This article describes some of the methods, advantages 


Is tHe FABRICATION of rocket and missile 
cases there has been a trend toward thinner- 
gage wall thicknesses. The reason? To increase 
the range by reducing the inert weight. Of 
course, as the wall thickness is decreased, the 
alloy’s strength must be increased so that in- 
ternal pressures (from hydrostatic testing and 
the internal pressure of gases generated during 
burning of the propellant) will not rupture the 
vessel. 

However, there is a problem connected with 
obtaining ultra-high strength levels in steel. 
As the strength is increased, there is a corre- 
sponding decrease in toughness of the metal. 
This difficulty is somewhat magnified by the 
detrimental effect of notches which can readily 
result from mishandling during fabrication. 

To explain further, the rocket or missile case 
is a composite of a shell, fore and aft heads, 
and skirts. After being fabricated, all compo- 
nents are welded together and the assembly is 
heat treated. Continual handling and fixturing 
subject it to nicks, scratches, gouges and areas 
of mismatch which may cause catastrophic 
failure under pressure. 

One method for reducing the detrimental 
effect of these processing flaws is to decarburize 
the surface. This creates a sort of “skin”, more 
ductile and less notch sensitive than the harder 
core material. Using the norm that a Get value 
of 1000 reflects good toughness, it can be 
observed in Fig. 1 that 4 to 6 mils of decarburi- 

zation significantly increases the toughness 
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and difficulties of the process. (J4a; ST, AY) 


above a 500° F. tempering level. It can there- 
fore be assumed that this particular material 
(Ladish D6 AC) has good fracture toughness 
at and below the surface within the limits of 
the effect of the decarburization. 


Controlling Decarburization 


By definition, decarburization is the loss of 
carbon from the surface of steel which occurs 
when the alloy is heated in an atmosphere that 
reacts with the carbon. When setting up a de- 
carburization cycle for use in the final heat treat- 
ment, several things should be kept in mind. 

The hardening atmosphere normally used in 
the heat treatment of rocket and missile cases 
is an endothermic gas. Since neither carburiz- 
ing nor decarburizing is normally wanted, the 
gas is usually maintained in equilibrium with 
the carbon content of the steel at the harden- 
ing temperature. In most instances, the 
atmosphere is controlled through dew point 
analysis. Figure 2 shows a typical dew point 
chart. 

For hardening missile cases, preheating is 
generally required before austenitizing. How- 


*Development Engineer, Materials Research and 
Development, Solid Rocket Plant, Aerojet-General 
Corp., Sacramento, Calif. 

*“G,” units are used in giving quantitative 
values for fracture toughness. For further informa- 
tion, see the “Special Feature on Brittle Fracture 
of High-Strength Steels”, Metal Progress, August 
1960. 
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Fig. 1 — Fracture Toughness Comparison of Normal 
and Decarburized Ladish D 6 AC, 0.072 in. thick. 
Deliberate decarburization significantly raises 
the toughness, particularly at high temperatures 


ever, this extra operation entails problems. In 
preheating at subcritical temperatures, oxides 
often form on the surface because protective 
atmospheres are not generally used. These 
oxides must be removed if the surface is to be 
uniformly decarburized. Also, preheating at 
or near the critical temperature will normally 
produce a decarburizing reaction which will 
subsequently change to a carburizing action. 
As a result, though sufficient time must be 
allowed at this temperature to lessen thermal 


Fig. 2— Equilibrium Dew Points for Various 
Carbon Potentials and Temperatures. Adjust- 
ing the atmosphere dew point for an 
equilibrium at a temperature between the 
preheat temperatures and the austenitizing 
temperature will result in decarburization 
when the austenitizing temperature is reached 
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shock, prevent distortion, and initiate surface 
oxide reduction, it should not be long enough 
to restore carbon. 

To produce the desired reducing-decarburiz- 
ing cycle, one can select a process dew point 
which is in equilibrium halfway between the 
preheating temperature and the austenitizing 
temperature. As an example, for a steel with 
0.45% carbon, the normal preheating tempera- 
ture would be 1400° F. (the safe temperature 
above ignition) and the austenitizing tempera- 
ture 1600° F. Obviously, the temperature mid- 
way between 1400 and 1600°F. is 1500° F. — 
and this, according to Fig. 2, requires a +60° F. 
dew point for equilibrium. Gas with this dew 
point decarburizes at the austenitizing tempera- 
ture (1600° F.) with a potential of only 0.28% 
carbon. Depth of penetration then depends on 
the length of time at 1600° F. 


Endothermic and Exothermic Atmospheres 


Partial decarburization obtained from a 
properly controlled endothermic atmosphere 
(with particular attention to the hardening cycle 
requirements) will result in a carbon gradient 
from surface to core material which is compara- 
tively gradual. Depending of course on steel 
gage and depth of penetrations, there is little 
or no change in yield strength. 

Two factors affect this process: chemical 
reaction between surface and _ surrounding 
atmosphere, and the diffusion of free and inter- 
stitial carbon from areas of high concentration 
to areas of low concentration. Unrefined exo- 
thermic atmospheres almost completely decar- 
burize the surface because of their high dew 
points and high CO, contents. However, 
although they produce a tough, low-carbon 
layer, the over-all loss in strength may be pro- 
hibitive, and quite often free ferrite is obtained, 
resulting in poor fatigue properties. As for 
other drawbacks, sufficient control for proper 
decarburization is difficult when using unrefined 
exothermic atmospheres, and refined exother- 
mic atmospheres require auxiliary equipment. 
This adds to the expense. 


Testing for Decarburization Depth 


To determine the depth of the decarburized 
layer, a microhardness traverse check of a 
specimen mounted in bakelite is quite accept- 
able. Of course, one of the problems in making 
this type of traverse is the edge effect. As a 
check of the mounted specimen, therefore, a 
tapered bar (Fig. 3) is being investigated so 
that more accurate surface and near-surface 
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Fig. 3— Tapered Microhardness Specimen. This 
test piece is decarburized along with the missile 
case; after heat treatment, specimen is tapered 
by grinding sides C and D as indicated. Taper 
on both sides is 0.008 in. per in. but on side D 
it begins a short distance from the end (F). 
Microhardness measurements start at A and B 


results can be obtained. Hardnesses can be 
determined very close to the surface at many 
points across the specimen width. As an added 
precaution, the taper, on the side to be checked 
for hardness, should not start at the end of the 
bar, but at a short distance from the end. 


Conclusions and Recommendations 


Surface decarburization and depth of pene- 
tration can be controlled within very narrow 
ranges, and such partial decarburization in- 
creases toughness values. To produce decar- 
burization, an endothermic atmosphere is better 
than an exothermic atmosphere because it is 


Materials for 
Uncooled Rocket Nozzles 


Though molybdenum and tungsten are being used today 


more reliably controlled and there is less chance 
for significant strength losses. Depth of pene- 
tration depends on the length of time at the 
austenitizing temperature. 

However, more investigation of differential 
decarburization is required. Certain joints, 
rings, and bosses are machined after heat treat- 
ment, and, as a result, the decarburization that 
was present in these areas is removed. To 
gain the full benefit of the process, such areas 
should be decarburized much more deeply than 
areas which are not subsequently machined. 
Variations and combinations of the following 
three methods should be investigated for dif- 
ferential or selective decarburization: 

1. Multiple hardening cycles employing pro- 
tective coatings on surfaces where no further 
decarburization is necessary. 

2. Annealing cycles to produce decarburiza- 
tion of forgings for bosses and rings prior to 
the welding of the subassemblies. 

3. Application of a chemical such as a thick 
slurry of commercial yellow ochre in methyl 
alcohol to produce local decarburization. 

Also, further investigation should be con- 
ducted to determine the relationship of partial 
decarburization to a tolerable fatigue cycle. @ 


By A. V. LEVY* 


for uncooled rocket nozzles, rising temperatures are expected to bring in 
more durable graphites, carbides and ceramics. 


Waen rerrorMinc THER FUNCTIONS, the 
throats of uncooled rocket nozzles range from 
5000° F. to above 6000° F.—the highest tem- 
peratures to which materials are exposed today. 
Even more severe environments are coming. 
Future service requirements for such nozzles 
will follow a varying pattern of combinations. 
Among other things, designers must consider 
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(T2p, 17-57; SGA-h, Mo, W, NM-f, NM-k36, 6-69) 


temperatures to 7000° F. and above, long sus- 
tained or cyclic firing periods of several minutes 
duration, very low to extremely high combus- 

*Head, Materials Research and Development 
Dept., Solid Rocket Plant, Aerojet-General Corp., 
materials and fabrication engineering department, 
in the Aircraft Div. of Hughes Tool Co., Culver 
City, Calif. 
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tion chamber pressures, and varying chemical 
reactivity. A combination of these severe oper- 
ating conditions can occur, thus making the 
material problem still more complicated. To 
illustrate this, here is a brief discussion of the 
types of materials that have withstood the oper- 
ational environment of a rocket nozzle and some 
predictions for the future. 


Refractory Metals Are Successful 


Nozzle throats machined from molybdenum 
forgings (both arc-cast and powder-metallurgy 
product) have been successful up to 4900° F. 
More recently, machined billets of pressed and 
sintered tungsten and arc-cast 85% tungsten, 
15% molybdenum alloy have been used as mas- 
sive inserts in rocket nozzles exposed to pro- 
pellant temperatures of 5400°F. However, 
there has been a need to reduce the weight of 
the insert. This has been answered by methods 
for hot spinning thin liners of tungsten sheet; 
these liners can then be bonded to graphite 
back-up structures. As alternate methods, 
plasma flame spraying and vapor deposition 
from the halides have also been used to “build” 
a tungsten skin on a graphite insert. 

In the form of spun sheet (or plasma or vapor- 
deposited coating) on graphite, tungsten ap- 
pears to be facing a relatively long career in 
the rocket-motor field. Other uses for refrac- 
tory metals, especially molybdenum, are on the 
decline. As for the future, even tungsten will 
be limited by operating temperatures above its 
melting point, 6150°F., and the presence of 
free oxygen in the combustion gases (as in some 
liquid-fueled rocket motors). 

Refractory metals in sheet form can also be 
used for coolant reservoir-type rocket nozzles 
as an alternative to uncooled nozzles. In this 
application, an annular chamber is built around 
the nozzle throat area so that a refrigerating 
fluid can be pumped through the reservoir to 
cool the nozzle flame surface. Complex fusion 
weldments of refractory metal sheet will be 
used in fabricating the chamber. 


Potential for Graphites and Carbides 


At least two advances in graphites hold con- 
siderable promise for the rocket-nozzle field. 
Both pyrolytic graphite and the new high- 
density, pressure molded graphite (the ZT se- 
ries, for example) have performed well in rocket 
test firings. Their low erosion rates help to hold 
changes on nozzle areas within limits. Today, 
both materials are being developed to improve 
consistency, erosion resistance and size capa- 
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bility. With such improvements, reliable noz- 
zles with throat diameters in excess of 2 ft. can 
be expected in both solid and liquid rockets. 

Carbides with high melting points are also 
being considered for uncooled rocket nozzles. 
As operating temperatures approach and ex- 
ceed 6000° F., the carbides of hafnium, tanta- 
lum, zirconium, columbium and titanium, and 
combinations of carbides with melting tempera- 
tures above 7000° F. represent the furthest pos- 
sible extension of materials for components of 
uncooled rocket nozzles. 

However, the eventual use of these materials 
will depend upon the results of development 
work presently underway. So far, the extreme 
sensitivity of the carbides to thermal shock has 
prevented them from being used in massive 
pressed and sintered shapes. Recently, this 
problem has been partially solved by combin- 
ing the carbides with refractory metals in fiber 
form. It is expected that carbides reinforced 
with tungsten fiber will soon produce a new 
group of materials for uncooled rocket nozzles. 

As another approach to this high temperature 
problem, graphite surfaces can be converted to 
high-melting carbides by direct chemical reac- 
tion with metals deposited by vapor deposition, 
direct melting or flame spraying. Conversion 
temperatures for this process are well within 
the realm of practical processing techniques. 


Ceramics Show Promise 


Ceramic oxides have been considered for 
rocket-nozzle application, but thermal shock 
sensitivities, spalling tendencies, and low melt- 
ing temperatures have restricted their use. In 
this area, present work is aimed at producing 
a metal fiber, wire or honeycomb-reinforced 
oxide body that can be impregnated with a 
subliming material. This material will ablate 
during service to cool the oxide surface. Here, 
the intention is to produce a statically cooled 
system that will not erode at extreme tempera- 
tures and will have good thermal shock resist- 
ance and chemical stability in an atmosphere 
containing excess oxygen. 

The oxides presently being investigated in- 
clude zirconia, thoria, magnesia and _ hafnia. 
Refractory metals, particularly molybdenum 
and tungsten, are being used to reinforce the 
ceramic, and the best impregnants, from both 
a thermodynamic and fabrication standpoint, 
are phenolic resin and molybdenum oxide. The 
future use of ceramic oxide nozzles will depend 
on whether their thermal shock resistances and 
low melting temperatures can be improved. @ 
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Fabricating 


the Titan Propulsion System 


Materials problems in design and fabrication of liquid-fueled 


By W. M. BOAM* 


rocket engines stem from a wide variety of conditions which are encountered. 
In designing the engine for the Titan ICBM, engineers have come up with 
a complex but reliable package which mates metals 


Tue ENGINE FOR THE AiR Force TITAN 
ICBM is the result of the difficult transition 
from theoretical research to design and produc- 
tion. Fueled by kerosene (RP-1) and liquid 
oxygen, it poses numerous problems in the se- 
lection and fabrication of materials. The effect 
of the extreme temperatures ranging from those 
encountered in the combustion chamber to 
those in the oxidizer system must be carefully 
evaluated. In addition, the severe penalties in 
performance which weight imposes have made 
it mandatory to use lower safety margins than 
are found in conventional structural design. 
Thus, materials for the propulsion system — 
frame, turbopump assembly, thrust chamber, 
transfer passages and control system —can be 
selected only after a thorough evaluation of 
reliability. 

Brazed Combustion Chamber 


Currently, the combustion chamber for the 
Titan propulsion system (Fig. 1) is made up of 
numerous preformed tubes with 0.020-in. walls 
brazed together in the form of the familiar hour- 
glass shape. Brazing of Type 347 stainless steel 
tubes, through which fuel is circulated to cool 
the chamber, is performed in an atmosphere of 


*Assistant Department Head, Research and 
Materials Dept., Liquid Rocket Plant, Aerojet- 
General Corp., Sacramento, Calif. 
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and nonmetals. (T2p, K-general, K8, SS, AY, SGA-h, Ni-b, Al-b) 


dry hydrogen using A.M.S. 4777 as the braze 
alloy. This method is readily adaptable to 
standard facilities and has several advantages 
over other widely used fabricating methods. 


Recommended Brazing Technique 


For best results during brazing, the joint 
clearances between tubes must not exceed 0.001 
in. About 0.3 g. of braze alloy is applied per 
linear inch of joint and is held in place with 
Nicrobraze cement. The assembly should not 
be handled until the binder becomes effective. 

Brazing is carried out in a sealed retort (Fig. 
2) which is first purged with argon and dry 
hydrogen (dew point —80°F. or lower) using 
about six changes of atmosphere, based on the 
volume of the retort, before lighting the exhaust 
gas. Hydrogen in the retort should be dis- 
placed at least seven times per hour during 
brazing. 

Once flushing is completed, the retort is 
covered with a bell furnace as shown in Fig. 3 
which is preheated to 1000° F. Temperature is 
increased again to 1800 to 1900° F. where it is 
held for 5 min. It is then lowered to 1650° F. 
and the bell furnace is removed. The retort is 
covered with a water-cooled hood as shown in 
Fig. 4. Hydrogen flow in the retort should be 
continued until the retort cools to below 600° F. 
The retort is then purged with argon; when 
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Fig. 1 — Combustion Chamber for Titan 
Engine Is Made From Preformed Type 
347 Tubing Brazed in Dry Hydrogen 


cooled to 300° F., it is lifted from the combus- 
tion chamber. 


Oxidizer and Fuel Systems 


The oxidizer system, which operates at about 
—290° F., requires materials which possess the 
highest degree of ductility at extremely low 
temperatures. Best for this purpose are the 
nickel, copper, aluminum and the austenitic 
alloys. The nickel-bearing low-alloy steels in 
the quenched and tempered condition and the 
semi-austenitic stainless steels such as 17-7 PH 
and AM-350, heat treated to intermediate 
strength levels, are also suitable for low- 
temperature service. 

The fuel system does not require the same 
low-temperature ductility and thus offers more 
flexibility in selection. For standardization 
and economy, however, the same materials 
should be used for both systems where feasible. 


Investment-Cast Blades 


The present concept for the turbine section 
of the turbopump assembly consists primarily of 
two assemblies brazed in dry hydrogen. One 
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Fig. 2— Retort Filled With Dry Hydrogen 
Protects Combustion Chamber During Brazing 
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of these is an inlet manifold cast in Type 347 
stainless steel to which investment-cast N-155 
nozzle blades are brazed. The second is the 
rotor assembly of investment-cast Haynes Stel- 
lite 21 turbine blades brazed to a forged disk 
of A-286. The braze alloys employed are A.MLS. 
4777 and 4775. Connecting the turbine rotor 
and the pump impeller is a gear train machined 
from A.1.S.I. 4620 carburizing steel. The pump 
assembly consists primarily of a cast aluminum 
(A-356-T 6) pump housing, a forged impeller 
(7075-T 6), and an impeller shaft made from 
“K” Monel or AM-350 S.C.T.* 

The frame which attaches the engine to the 
missile is a welded tubular structure of A.I.S.I. 
4130 steel. Portions of the assembly are heat 
treated separately to a yield strength of 165,000 
psi. (0.2% offset). These subassemblies are 
welded together after heat treatment. 

Transfer passages and the control system con- 
sist of valves and the lines which carry the 
propellants from the tanks to the pumps and 
then the injector. The fuel and oxidizer pas- 


*Subzero cooled and tempered, in this instance 
at 1050° F. 


Fig. 3 — Bell Furnace Heats Combustion Chamber to 1900° F. 
Chamber, sealed in a retort, is brazed in 5 to 10 min. 


sages are welded Type 347 stainless steel. Their 
internal supports at universal joints are welded 
AM-350 S.C.T. possessing a yield strength of 
135,000 psi. (0.2% offset). The fuel valves con- 
sist of a carburized, 9310 steel shaft, cast alu- 
minum housings (A-356-T6) and aluminum 
gates (7075-T 6) coated electrochemically with 
a hard, corrosion resistant film. Oxidizer valves 
are similar with the exception of the gates, 
which are Type 410 stainless steel castings. 
These provide a better seal against the alumi- 
num housing at the temperature of liquid oxy- 
gen. In addition, the gates are nickel plated 
to give better wear resistance between them 
and the seal which becomes hard at such cold 
temperatures. 


Uses for Nonmetallics 


The elastic limit and sensitivity to impact of 
nonmetallics when exposed to liquid and gase- 
ous oxygen are special criteria for these 
materials. Certain chloroprene and buna-N 
compounds are satisfactory in gaseous oxygen 
as static and dynamic seals at ambient tempera- 
ture and as static seals in liquid oxygen. Fluo- 


Fig. 4 — Retort, After Bell Furnace Has Been Removed, 
Is Cooled in Air or in This Water Cooled Hood 


rosilicone has also been used with some success. 

Halogenated paraffin oils with pour points as 
low as —100° F. can be used during assembly 
to lubricate static O-ring seals in liquid oxygen 
systems. These oils are not appropriate for 
lubrication of aluminum in a high shear appli- 
cation. Antiseize thread sealants of graphite in 
chlorinated organic carrier have been found 
suitable for use in liquid oxygen. 

Tests indicate that in dynamic applications 
polychlorotrifluorethylene is satisfactory. Ex- 
tensive compression molding of this material 
in sheets up to ¥ in. thick followed by a rapid 
quench in cold water and a heat treatment 
yields the best combination of properties. 

Perfluorinated polymer and orientated film 
of polyethylene teraphthalate were selected ini- 
tially for static seals and gaskets in liquid oxy- 
gen. When filled with glass fibers to reduce 
cold flow, the perfluorinated polymer is supe- 
rior to polychlorotrifluoroethylene for most 
cryogenic static seals. 

Materials employed in conventional jet en- 


gine service are also useful in the fuel system 
of the Titan engine. Nylon (MIL-P-17091-B) 
and polychlorotrifluoroethylene are suitable for 
most dynamic applications. 

Perfluorinated polymer can be employed for 
gaskets and static seals. Buna-N elastomers 
(MIL-P-5315) are suitable in both static and 
dynamic applications. The RP-1 fuel will lubri- 
cate dynamic seals during operation. Antiseize 
thread sealant used in the oxidizer system is 
also satisfactory for low-pressure use in the fuel 
system, but only for lubrication of the threads to 
permit disassembly. Where high pressure seal- 
ing is required, white lead must be specified. 


Ablative Skirt Made From Nonmetallics 


The ablative skirt for the second-stage engine 
of the Titan (Fig. 5) represents an important 
new application for nonmetallic materials in 
large liquid-fueled rocket engines. 

First to be fabricated is the inner or ablative 
liner of the skirt. Asbestos tape, impregnated 
with phenolic resin, is wrapped as shown in 


Fig. 5 — Second-Stage En- 
gine for Titan ICBM Uses 
Nonmetallic Ablative Skirt 
Made up of Asbestos Tape 
Which Is Reinforced With 
Fiberglas Honeycomb 
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Fig. 6 on a mandrel at an angle of 45° to its 
surface. After being covered with glass tape 
and hair felt to permit escape of volatiles dur- 
ing curing, the wrapped mandrel is placed in 
a vacuum bag and pressure is reduced to 22 to 
30 in. Hg. 

Curing is carried out at about 350° F. in an 
autoclave maintained at 185 to 250 psig. Once 
cured, the liner is machined on the mandrel to 
specified dimensions. It is then reinforced with 
glass cloth impregnated with phenolic resin 
which is wrapped on the outside surface. 

To attach the ablative skirt to the combustion 
chamber, it is equipped with a segmented flange 
of aluminum (6061-T 6) which is bonded to the 
forward edge of the liner with a liquid adhesive 
(MIL-A-8431, Class A). This bond is stiffened 
with asbestos-reinforced phenolic tape and 
glass cloth impregnated with phenolic resin 
applied over the flange segments and length 
of the liner. Curing at 320° F. takes about 1 hr. 


Fiberglas Honeycomb Reinforcement 


The next step is the application of the outer 
reinforcement for the skirt. A supported film 
of adhesive (MIL-A-8431, Class A) is applied 
to the surface of the liner to hold precut seg- 
ments of cellular fiberglas (Fig. 7). This ad- 
hesive is then cured for 1 hr. at 300° F. and the 
assembly is trimmed and shaped. The aft edge 
of the cellular core is reinforced with epoxy 
compound and wrapped with glass tape. This 
is cured with heat lamps. 

Final reinforcement consists of a supported 
film of adhesive that covers the cellular fiber- 
glas core to which segments of glass cloth im- 
pregnated with phenolic resin are applied. 
Glass thread impregnated with epoxy is 
wrapped over the flange area. Final curing is 
carried out for 2 hr. at temperatures ranging 
from 220 to 280° F. 

Thickness of the ablative liner is governed by 
the depth of ablation and char damage which 
occurs during a full-duration firing of the en- 
gire. This, in turn, is a function of pyrolytic 
dec ‘mposition and thermal diffusivity. In the 
pyrotytic decomposition of chrysotile asbestos, 
the kind used to make the inner liner, water 
representing about 14% of the material is re- 
leased between 600 and 1400°F. At about 
1490° F., the chrysotile structure changes to 
crystalline olivine, which subsequently melts at 
about 2800°F. These changes are, of course, 
endothermic and give asbestos an advantage 
over other materials for ablative liners. S 


MARCH 1961 


Fig. 6 — Asbestos Tape, Impregnated With 
Phenolic Resin, Is Wound on a Mandrel at 
an Angle of 45° to Form the Inside Surface 
of Ablative Skirt. Windings are heated 
under pressure to 350° F. to cure the resin 


Fig. 7 —Cellular Fiberglas Segments Rein- 
force the Ablative Skirt. They are attached 
to the cured asbestos windings, then ground 
to proper thickness after the adhesive is cured 
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Predicting Very-Short-Time 
Creep Behavior for Missiles 


By S. F. FREDERICK* 


Conventional time-temperature parameters may be applied to 
very-short-time creep data; this will enable engineers to reduce 
the amount of testing required to establish minimum design values 


for creep. (Q3, 1-54) 


Desicners wHo Must USE CREEP DATA 
have long recognized the need for ways to ex- 
trapolate such information to periods of longer 
time. To answer this demand, several para- 
metric methods have been proposed in recent 
years. These systems generally assume an 
equivalence of time and temperature — thus, by 


conducting tests at temperatures higher than 
those proposed for service, the lower-tempera- 
ture, longer-time behavior can be determined. 

As an added feature, the parametric method 
can also be used to interpolate for temperatures 
not covered by test data; it is this latter use that 
is most attractive to the missile designer. How- 
ever, it is not clear if previously proposed pa- 
rameters would still apply for the short times 
of interest to him. Why? Because most of the 


Creep Parameters 
P = T(log t+C) 
—4H 
Dom 6 = te RT 


T; T, 
Manson-Haferd y= 


Graham-Walles ¢ = t(T’ — T)* 

t = time 

T = Temperature in absolute units 

T, = Temperature in °F. or °C. 
C, 4H, T,, t,, T’ = Material constants 
(obtained from test data) 
A=2Z0 
R = Gas constant 


Larson-Miller 


parameters were derived in the region of steady 
creep where equilibrium conditions hold, the 
times are long, and the material is relatively 
stable. Also, since for many missile applica- 
tions the allowable creep strains may be small 
(around 0.2%) and the times short (a few sec- 
onds), the transient (primary) creep region 
must be considered. In addition, the tempera- 
tures may be high enough to make the alloy 
metallurgically unstable. All of these factors 
point out the need to determine whether avail- 
able parameters, such as those given in the box 
below, would be valid in predicting creep 
which occurs during very short times. 


Four Parameters Used 


In our work four different parameters were 
evaluated with very-short-time creep data ob- 
tained in our laboratories. We used digital 
computers to fit the data and evaluate the con- 
stants for Larson-Miller, Dorn, and Manson- 
Haferd parameters, using statistical methods 
presented by Manson and Mendelson for the 
job.t Evaluation of the Graham-Walles con- 
stant was done graphically. Figures 1 to 4 show 
the results. They verify the suitability of these 
parameters for this type of data, and also indi- 
cate that any of the parameters investigated 
correlate the information equally well. 

It should be noted that the examples shown 
used test results that varied consistently with 
respect to stress. When we tried to analyze data 


*Material Research Engineer, Douglas Aircraft 
Co., Inc., Santa Monica, Calif. 
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for all illustr 


Fig. 1 — Larson-Miller Curve for Alclad 2024-T 81. For this curve, 
32 \ temperatures range from 500 to 750° F. Times range from 2 to 800 sec. 


curves, and the parameter units (again for all 


curves) are “seconds” for time and “degrees Rankine” for temperature 


a 
22 24 26 28 30 32 34 10° 3° 10° 16”. 36° 
P= T(log t + 23.091) x10? =e) 
RT 
O= te 
32 Fig. 2— Dorn Curve for Alclad 2024- 
T 81. Temperature range: 500 to 750° F. 

28 Fig. 3—Manson-Haferd Curve for Alclad 
4 2024-T 81. Temperature range: 500 to 750° F. 
— Fig. 4—Graham-Walles Curve for Alclad 
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for 4340 at temperatures spanning the temper- 
ing temperature, we found essentially no cor- 
relation. This is likely to occur when changes 
in metallurgical structure and rate-controlling 
mechanisms combine to give inconsistent prop- 
erties. Since this results in a variable param- 


“A Time-Temperature Relationship for Rupture 
and Creep Stress”, by F. R. Larson and J. Miller, 
Transactions A.S.M.E., Vol. 74, No. 5, July 1952, 
p. 765-771. 

“Correlations of Rupture Data for Metals at 
Elevated Temperatures”, by R. L. Orr, O. D. 
Sherby, and J. E. Dom, Transactions A.S.M., 
Vol. 46, 1954, p. 113-128. 

“A Linear Time-Temperature Relation for 
Extrapolation of Creep and Stress-Rupture Data”, 
by S. S. Manson and A. M. Haferd, N.A.C.A. 
TN 2890, 1953. 

“Relationships Between Long and Short-Time 
Creep and Tensile Properties of a Commercial 
Alloy”, by A. Graham and K. F. A. Walles, Journal 
of the Iron and Steel Institute, Vol. 179, Part 2, 
February 1955, p. 105-120. 

“Optimization of Parametric Constants for Creep- 
Rupture Data by Means of Least Squares”, by 
S. S. Manson and A. Mendelson, N.A.S.A. Memo 
3-10-59E, March 1959. 
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2024-T 81. Temperature range: 600 to 750° F. 
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eter “constant”, there is obviously a need for 
caution in extrapolating to temperatures not 
covered by tests. 

Parametric correlations can also be used to 
establish minimum design values for creep. 
For example, if a given parameter can be con- 
sidered to represent the data, all the data can 
be grouped into a single lot and treated statis- 
tically to give minimum values at the desired 
confidence level. Such an approach can mate- 
rially reduce the amount of testing required 
without sacrificing reliability. 

Before applying the information, we should 
make one decision. Should the variation in 
stress or the parameter value be considered de- 
pendent? A preliminary examination indicates 
the parameter value should be so selected be- 
cause, until more information is available, a 
normal distribution with common variance has 
been assumed. The use of stress or a function 
of stress gives excessively conservative values 
at either high or low stresses, probably because 
the assumption of common variance does not 


hold. S 
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Staff Report 


Dyna-Soar ... 
a New 
Technology 


The environment of space 

and re-entry create 

severe material requirements. 
In the fabrication 

of winged re-entry vehicles, 
engineers must apply 
revolutionary concepts 

to meet the requirements of this 
emergent technology. (T24e, 
L-general, 17-57; SGA-h, EG-d) 


Tue Dyna-Soar GLIDER is de- 
signed to orbit the earth and re-enter 
the atmosphere for a conventional land- 


5 ing. It differs from Project Mercury 
“3 in that the Dyna-Soar will be under 
ag control of the pilot while the Mercury 
3 seat astronaut will be primarily a passenger. 
eA. 1 Figure 1 shows a concept of a Dyna- 
ths — Soar type glider leaving the ground 


Fig. 1 — The Dyna-Soar Glider Will Be Boosted 
Into Space by a Modified Titan Intercontinental 
Ballistic Missile, According to This Concept by 
the Boeing Airplane Co., Prime Contractor for 
the Program. The objective of the system is to 
send manned vehicles into space, and through 
controlled re-entry bring them back to earth 
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under power from a Titan ballistic missile. 
The first stage engine propels the Dyna-Soar 
to the upper fringes of the atmosphere. The 
second stage then ignites and continues acceler- 
ating the airplane to near-orbital velocity. Fol- 
lowing this, the glider separates from the second 
stage engine using an engine on the glider to 
get away from the empty hardware and to 
supply the last burst of energy to send the 
vehicle into orbit. 

When the glider goes into orbit, it will be 
traveling 18,000 mph. The problem which engi- 
neers must solve is to slow it down after the 
required number of orbital trips are completed 
and to land it like an airplane, giving the pilot 
control of the flight. Throughout the re-entry, 
materials used to construct the nose, leading 
edges and skin of the glider reach red and 
white-hot temperatures as illustrated in Fig. 2. 
The glider must remain in this red-hot flight 
condition for a period of minutes to get rid 
of its tremendous energy, instead of seconds 
which are involved in some of our space probes. 


Basic Design Must Be Simple 


A complex pattern of flow and shock waves 
develops around the glider as the highly heated 
air moves to get out of the way of the airplane. 
Furthermore, any fins, antennas or rough edges 
which stick out of the glider are subjected to 
hot treatment by this super hot air plasma. On 
a meteor, for instance, the protruding parts and 
some of the body simply boil and vaporize off 
leaving a trail of sparks in the sky. Thus, part 
of the job of engineers is to design a shape that 
will fly at these tremendous speeds, but which 
leaves nothing sticking out in the airflow to get 
burned off. This means that the shape of the 
glider must be simple. 

But engineers are faced with the equally diffi- 
cult job of selecting materials to use in struc- 
tures of winged re-entry vehicles such as the 
Dyna-Soar. The environment of space and re- 
entry create the most severe material require- 
ments. Heating rates and related temperatures 
are of such magnitude that the refractory metals 
can be efficiently utilized. 


Refractory Metals Versus Superalloys 


Actually, the designer of winged re-entry ve- 
hicles has the alternative of using refractory 
metals — tungsten, columbium, molybdenum 
and tantalum — in high-temperature areas, rec- 
ognizing the limitations of our present technol- 
ogy with these metals, or he can utilize methods 
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Fig. 2 — Leading Edges of the Space Glider Will 
Glow From the Heat Created by the Friction of 
the Vehicle Passing into the Atmosphere. The 
environment of space and re-entry creates the 
most severe material requirements. Heating rates 
for the winged glider are of such magnitude that 
refractory metals can be efficiently utilized 


of cooling that keep temperatures within limits 
of superalloys such as René 41. A high-melting- 
point material (for example, tungsten, tantalum 
or ceramics ) may be required for the stagnation 
area On a nose cap, since re-entry temperatures 
approach 5000°F. Lithium cooling could be 
used to reduce the temperature to that permis- 
sible for a lower-melting-point, lighter-weight 
refractory metal or a nickel-base superalloy. In 
this instance, strength requirement is minor — 
temperature is the main concern. 

The leading edge is the hottest area for the 
primary load-carrying structure. Alloys of co- 
lumbium or molybdenum are favored for these 
components since the operation range of 3000 
to 3800° F. is such that these materials will 
provide the lightest, most efficient structure. 
Molybdenum alloyed with 0.5% titanium and 
F-48 alloy of colurmbium (see Metal Progress, 
June 1960, p. 73) are promising panel materials. 
Recrystallization of refractory metals under 
operating conditions is a problem which re- 
quires a solution to utilize the maximum 
strength capability of these metals. 


Coatings to Protect Refractory Metals 


Another critical problem in the application 
of the refractory metals at high temperatures is 
lack of oxidation resistance. Columbium and 
tantalum exhibit the best oxidation resistance 
and molybdenum the worst. However, the fact 
that the oxidation rate of columbium is much 
better than that of molybdenum is not signifi- 
cant because the high temperatures of re-entry 
exceed the application range of all four of the 
refractory metals. Therefore, they all present 
the problem of coating development. 
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Leading Edge 


After more than two years of work on the 
problem, engineers at Boeing Airplane Co. have 
recently devised a coating and method of appli- 
cation which shows great promise. Called the 
DiSil coating, the process is based on inducing 
silicon into the surface of molybdenum, prob- 
ably to produce a modified molybdenum disili- 
cide coating which is integral with the basis 
metal. 

The DiSil coating on molybdenum is dark, 
hard, and has good erosion and shock resistance. 
The coating remains stable at 3200°F. and 
higher and weighs only 0.01 Ib. per sq.ft. Tests 
of DiSil coatings on a columbium alloy have 
given good results. 

In developing refractory metal coatings, it is 
extremely important to consider the emissivity 
of the coating and the anticipated heat rates to 
evaluate the effects on temperature of variations 
in emissivity. Cold temperatures will be en- 
countered when the vehicle is in orbit and 
passes around the dark side of the earth. While 
no loads will be encountered at this tempera- 
ture, the metal and coating must stand up to 


Fig. 3 — Refractory Metals and High-Temperature 
Alloys Must Be Formed Into Various Shapes for the 
Structure of a Space Glider. The diagram below, 
prepared by Edwin G. Czarnecki, Boeing Air- 
plane Co., shows a typical wing structure with rep- 
resentative shapes for the leading edge, interior 
truss, and skin panels. Pinned trusses and flexible 
panel connections are an important design concept 
to prevent the creation of large thermal stresses 


A 


Truss-Tube Joint 


the below zero environment without deteriora- 
tion of its properties. 


Metals Must Be Formed 


The structural design of a re-entry glider re- 
quires that metals be formed into various shapes 
for the leading edge, interior truss, and skin 
panels (Fig. 3). Due to the light flight loads, 
minimum gage material will be specified in the 
majority of panels. A typical panel might be 
made up of 0.008 in. face sheet with 0.010 in. 
corrugations utilizing an 18-in. corrugation 
span. Flexible connections are employed which 
allow the panel to expand and rotate with in- 
creasing temperature. This prevents major 
thermal loads, since the only thermal load is 
that developed by a nonuniform temperature 
gradient through the depth of a corrugation. 
This permits most of the strength of the mate- 
rial to be available for the flight loads. ( Addi- 
tional information on forming close-tolerance 
corrugations is given on p. 132.) 

While it is desirable to utilize refractory 
metals for minimum-weight structures in re- 
entry vehicles, the designer can avoid them if 
their technology is not sufficiently developed in 
the time period required, at the expense of 
slight increase in total weight of the system. 
The primary structure can be designed for abla- 
tion cooling, or it can be constructed to utilize 
principles of insulation and water cooling or 
uninsulated radiation cooling. With ablation 
cooling, the primary structure can be composed 
of superalloys. The insulated or insulated 
and water cooled concept could use a super- 
alloy load-carrying structure but requires a 
metal heat shield for the exterior cover. An un- 
insulated radiation cooled type would use 
refractory metal alloys for the load-carrying 
structure. 

There are other fields of new technology 
which must be understood to enable a typical 
re-entry glider, such as Dyna-Soar, to fly safely. 
A few examples: air conditioning equipment 
inside a red-hot airplane, an auxiliary power 
plant within the glider to provide electrical and 
hydraulic power for the controls and equip- 
ment, and a radio system to enable communica- 
tion with the ground while the glider is operat- 
ing under difficult conditions. Perhaps one of 
the biggest problems comes under the heading 
“reliability” which means that the structural 
design and all the equipment must work with- 
out fail under the extreme conditions to which 
it is subjected. Se 


METAL PROGRESS 


SA Skin 
SSH SHAD 
92 


Brazing Missile 
and 
Electronic 

Components in 
Dry Hydrogen—I 


By H. E. LEWIS* 


Hynnocen srazine was first used as a 
production process some 30 years ago. Its 
adoption by industry was slow at first because 
of the great danger of explosion, the unavaila- 
bility of commercial hydrogen and its cost. 
These disadvantages have generally been over- 
come and the use of the process has greatly 
increased. 

With the acceleration of missile and elec- 
tronic requirements for joining stainless steels, 
heat resisting alloys and other metals, hydrogen 
which is deoxidized and dried to a very low 
dew point has proved to be an excellent atmos- 
phere for reducing the oxides that prevent 
wetting of base metals by brazing alloys. 

Oxidation problems are completely elimi- 
nated in dry-hydrogen brazing except for those 
metals containing titanium and aluminum. 
These metals require special preparation for 
brazing. The elimination of oxides means the 
elimination of fluxes to reduce them. There are, 
therefore, no entrapped fluxes left in the joints, 
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Producing 
for the New 
Technologies 


Because dry hydrogen 

is highly reducing to most oxides 
at high temperature, it makes 

an excellent brazing atmosphere. 
But successful brazing 

in dry hydrogen requires careful 
consideration of many factors. 
Part I of this article discusses 
factors such as surface finish, 
fixtures and types of furnaces 
needed to obtain good results. 
Next month, atmosphere and temp- 
erature control will be covered. 
(K8; SS, SGA-h) 


no corrosion problems due to residual flux, and 
no fluxes in areas that might be exposed to 
vacuum in a vacuum tube assembly. Because 
parts come out of the furnace clean and bright, 
post cleaning is not necessary. 

Because requirements for brazing compli- 
cated assemblies of a wide range of metals and 
alloys have increased, it is increasingly impor- 
tant that the brazing engineer be thoroughly 
familiar with all of the factors outlined. 


Materials Pose Many Problems 


When presented with a joining problem, the 
first question should concern the materials of 
the components. Many a braze has been ruined 
because of lack of exact information about the 
materials. If stainless, what type? Does it con- 
tain titanium or aluminum? These are trouble- 
some. And copper? Is it oxygen-free? If 
copper is not oxygen-free, the components will 


*President and General Manager, Pyromet Co., 
San Carlos, Calif. 
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Fig. 1 — This Component for High-Vacuum System 
Was Brazed in Dry Hydrogen. It is a feed-through 
assembly made by joining Type 304 stainless steel, 
Kovar, a ceramic and oxygen-free copper. Com- 
ponent was brazed in three steps, each at a lower 
temperature, by induction heating in a bell jar 
filled with dry hydrogen. Three different precious- 
metal filler alloys (Au-Cu-Ni, Au-Ni, Au-Cu-In) 
were required to effect this three-step braze 


be ruined if the braze is made at high tempera- 
ture in hydrogen. 
What is the microstructure of the metals? 


Fig. 2— Complex Double Bellows Assembly of 
Type 304 Stainless Steel. Parts were brazed 
in dry hydrogen (dew point: —80° F.) in two 
steps with Au-Cu-Ni alloy, then with Au-Ni alloy 


What prior treatments have they had? Are they 
stressed by cold work or machining? Or have 
these stresses, which can cause warping, been 
relieved? 

Surface Finish — What is the surface condi- 
tion of the components? Have all mill surfaces 
been removed? Have the parts been pickled 
or blasted? If pickled, have the surfaces been 
cleaned of the sooty residue that sometimes re- 
sults? If blasted, what was used as the blasting 
material? Aluminum oxide grit is sometimes 
used to discourage wetting in selected areas. 
Steel and silicon carbide grit have been used 
to promote wetting. If machined or ground, 
what is the surface roughness? A relatively 
rough surface aids brazing; a finely ground or 
burnished surface generally does not wet 
readily. 

In considering the materials of an assembly, 
thought must be given to their microstructure 
after brazing because it affects strength and 
other properties. Many materials will be sof- 
tened. Some will be hardened. 


Know Properties of Brazing Alloys 


The next major factor involves the brazing 
alloy or alloys to use. What are the strength 
requirements and what are the operating con- 
ditions? Is more than one brazing alloy re- 
quired? Perhaps all joints can be brazed at 
one time, but often the final assembly is more 
easily made by a series of brazes, each succeed- 
ing one at a lower temperature (Fig. 1 and 2). 
It is important to have exact information as to 
the melt, flow and brazing temperatures of the 
alloys. How well do the alloys wet the com- 
ponent metals and what are the alloying char- 
acteristics of the brazing metal? Alloying is 
likely to cause erosion and it may raise the flow 
point, thus stopping penetration of the joint. 
Consideration must also be given to the avail- 
able forms of the alloy and how it can be placed 
at the joints. 

Fixtures — Joint design must take into con- 
sideration required joint strength, the flow of 
brazing alloy through the joint, the placement 
of the alloy so that it will pull into the joint and 
the means of holding the parts together and 
maintaining their orientation during brazing. 
The importance of holding the parts together 
is obvious, but frequently overlooked. When- 
ever possible, shoulders or locking devices 
should be used to make the assembly self- 
locating. Fixtures for holding the assembly 
together and support for holding it during braz- 
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ing are part of the design problem. Proper 
support during brazing is also imperative. 

Clearance — In designing any brazing assem- 
bly, the clearance provided for the brazing alloy 
must be considered from the standpoint of the 
alloy to be used — how it penetrates the joint 
and the optimum clearance for maximum 
strength. 

Maintaining proper clearance is not always 
easy, even when the need for it is recognized. 
Very close control of the sizes of mating parts 
adds considerably to production costs. On elab- 
orate, expensive assemblies, it is usually more 
important to spend the money to obtain the 
proper fits than to risk spoiling the entire 
assembly. 

If close tolerances cannot be met in prac- 
tice, the use of knurls, shims or powdered filler 
metals can sometimes be used to narrow gaps 
that would otherwise be too large. These cor- 
rective methods must be carefully considered 
before being used. 


Expansion Affects Design 


An important consideration in the over-all 
design is the differential expansion of the com- 
ponents which results from the use of dissimilar 
metals (Fig. 3) and from differential heating 
and cooling. When dissimilar metals are to be 
brazed, the clearance in the joint at brazing 
temperature will depend on the difference in 
their coefficients of expansion. Dissimilar 
metals used in the same plane may also distort 
the assembly. 

Heating and Cooling Rates—Even with 
components of the same metal or metals of 
approximately the same coefficient of expansion, 


Fig. 3— Rotor Assembly 
Was Fabricated by Braz- 
ing Dissimilar High- 
Temperature Nickel-Base 
Alloys in Dry Hydrogen. 
Without good design, dif- 
ferential expansion of dis- 
similar alloys can lead to 
distortion and unpredict- 
able joint clearances 
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dislocation or distortion of the assembly can 
result if the heating and cooling rates of dif- 
ferent parts of the assembly are not uniform. 
Thin sections may reach temperature ahead of 
thick sections, or shielded areas will lag be- 
hind unshielded areas. Differential heating can 
push an assembly apart. Differential cooling 
can be just as damaging if the alloy solidifies 
while the components are at widely different 
temperatures. 


Furnace and Induction Heating 


For dry-hydrogen brazing, the choice of heat- 
ing method is between furnace and induction 
heating. Most assemblies require one of the 
wide variety of furnaces which are available. 
In addition to special continuous or semicon- 
tinuous types, there are a number of retort 
furnaces. The retorts are sometimes sand- 
sealed, gasketed, or welded (Fig. 4). They are 
heated by bell, pit, elevator or box furnaces. 

In addition to temperature range, tempera- 
ture control and uniformity and method of 
maintaining purity of the atmosphere, the 
method of applying heat can also be important. 
One should also consider whether or not the 
brazing assembly might, be moved or jarred 
while the brazing alloy is molten or is solidify- 
ing. Such movement can cause failure of the 
braze. 

Brazing Stainless — Sometimes even compli- 
cated stainless steel assemblies can be induction 
brazed in dry hydrogen without flux. To make 
induction brazing possible, a sealed enclosure 
which can be purged with dry hydrogen must 
be provided around the braze area or around 
the complete assembly. Also, means of purging 
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any cavities or any internal areas must be pro- 
vided. An induction generator is used of a 
suitable frequency and capacity as determined 
by the sections of the mating parts in the braze 
area and by the temperature required. The 
sections must be such that localized heating 
will not occur and damage the components. 


Dew Point Governs Equilibrium Point 


In the brazing of stainless steels and heat 
resisting alloys in hydrogen, it is important to 
be familiar with metal-metal oxide equilibri- 
ums.* This relates the dew point of the hydro- 
gen atmosphere to the temperatures at which 
various metals are in equilibrium with their 
respective oxides. Under equilibrium condi- 
tions, the rate of oxidation of the metal by water 
vapor is exactly equal to the rate of reduction 
of the oxide by hydrogen. If the dew point 
should increase while the temperature remains 


*A graphical representation of some equilibrium 
relationships and an excellent discussion of the 
subject is given in an article by W. H. Chang in 
the Welding Research Supplement, December 
1956. 
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Fig. 4— Furnace Used for 
Brazing Parts in Dry Hydro- 
gen. Welded steel retort 
gives positive seal around 
parts thus preventing leaks. 
Furnace this size can han- 
dle parts up to 72 in. in 
diameter. Fixturing, which 
varies with the configura- 
tion of the part, is done 
with hydrogen-fired ceram- 
ics, metals or graphite. Dur- 
ing the brazing cycle, the 
actual temperature of the 
parts is automatically re- 
corded. Flow meters in the 
base of each retort con- 
trol the flow of hydrogen 


unchanged, the equilibrium is disturbed and 
water vapor starts to oxidize the metal until 
equilibrium is restored. Conversely, by lower- 
ing the dew point, hydrogen, being in excess, 
will reduce the oxide in order to re-establish 
equilibrium. 

Reduce Oxides —In brazing, the reduction 
of oxides is of primary importance. Stainless 
parts that appear chemically clean may still 
have surface oxides that will prevent brazing, 
particularly at lower temperatures. To reduce 
oxides already present, either a higher tempera- 
ture or a lower dew point than indicated by 
equilibrium data must be used. 

It must be remembered that the dew point 
to be considered is that surrounding the parts 
being brazed. It cannot be assumed that it is 
the same as the inlet or outlet dew point. When 
brazing is performed in a properly sealed and 
purged retort on parts that are free of oxides 
and with no contamination from the retort, fix- 
tures or other source, it will be successful if the 
inlet dew point is slightly lower than that called 
for from the equilibrium data. These equilib- 
rium data are of little (Continued on p. 162) 
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Problems of 


Machining Space-Age Metals 


If full benefit is to be derived from their potential strength, 


By L. A. HAUSER 
and M. C. METZGER* 


the superalloys and ultra-high-strength steels must frequently be 
shaped while in the fully heat treated condition. However, 

as hardness increases, machining becomes progressively more difficult. 
This article offers suggestions on machining alloys 

with hardnesses in some instances over Rockwell C-50. 


As 1s WELL KNOWN BY NOW, space-age 
materials are difficult to fabricate. This is espe- 
cially true of the ultra-high-strength steels 
which have been heat treated to Rockwell C-50 
and above and many of the superalloys, which 
are difficult to machine regardless of the hard- 
ness. (Figure 1 shows the relation between 
strength and hardness for three high-strength 
alloys.) Those who may be required to fabri- 
cate these space-age metals should consider 
some of the problems that will be met along 
with possible methods to lessen their severity. 

Take, for example, H-l11 or A.LS.I. 4340. 
After hardening and tempering the steel, it is 
usually necessary to do some machining or 
grinding to meet decarburization control re- 
quirements and close tolerances for dimensional 
accuracy. It is at this point that the machining 
problems arise. Cutting any steel at Rockwell 
C-50 or higher is difficult even for external 
surfaces, and it becomes still more troublesome 
for internal boring, tapping and end milling. 
This is particularly true if these operations must 
be performed from an unfavorable angle or 
where there are small radii and deep pockets. 

In itself, the actual hardness is extremely 
important since it can have a significant effect 
on tool life. Although it is well recognized 


that material over Rockwell C-50 will be con- 
siderably more difficult to machine than the 
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(G17, AY, Ni-b, Co-b, TS, SS, SGA-h) 


same material at a lower hardness, the effect 
of each point of Rockwell C hardness above 50 
becomes of increasing importance in machining 
operations. 

Figure 2, which illustrates the effect of hard- 
ness on A.I.S.I. 4340 on both end milling and 
drilling operations, shows that hardnesses over 
Rockwell C-52 produce the utmost machining 
difficulty. Though similar specific data are 
not available for some of the other steels, there 
is no doubt that the same effect will be noted 
in this hardness range. 

Although there is little likelihood that ma- 
chining in the heat treated condition can be 
eliminated, designers should consider the advan- 
tages of machining closer to the finish size while 
the material is still in the annealed condition. 
Then, only a minimum amount of material 
would need to be removed ‘to eliminate decar- 
burization and to correct any warping caused 
by heat treatment. For many years, this practice 
has been the standard in producing die casting 
dies, forging dies, blanking dies and many types 
of cutting tools. Further experience with air- 
craft components will probably indicate quite 
accurately the minimum amount of extra mate- 
rial that the part must have to compensate for 
movement (in warping) and decarburization; 


*Metallurgical Engineers, Technical Service, 
Universal-Cyclops Steel Corp., Bridgeville, Pa. 
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Fig. 1 — Hardness-Tensile Strength Relation- 
ships of Three High-Strength Alloys. These 
and other similar materials are very diffi- 
cult to machine at the desired strength levels 


this will help reduce the amount of metal that 
must be removed at Rockwell C-50 or higher. 


Rigidity Is Essential 


To machine the high-strength steels, the work 
piece, the tool holder and the machine tool 
itself must be as rigid as possible. Further- 
more, vibrations resulting from the machining 
operation or from any external source should 
be held to a minimum. Also, the machine must 
be adequately powered to reduce chatter and 
insure the desired penetration of the tool's 
cutting edge. 

There is room for considerable discussion in 
the selection of the proper tool material for the 
particular operation. (In many instances, in 
fact, there is no general agreement.) For turn- 
ing and most milling operations, carbides 
and ceramics seem to be generally preferred. 

High speed steels have also been successful 
in these operations, although tool life is usually 
very short. For tapping, drilling and some end 
milling operations, high speed steel has given 
good results. When there is excessive frictional 
heat, the high speed steel with the most heat 
resistance should be used. For these situations, 
best results have been obtained with the M-33, 
M-34, T-5 and T-15 types. 
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Fig. 2— How Increasing Hardnesses Affect 
the Life of High Speed Steel Tools. As is 
evident in these tests on 4340, each extra 
Rockwell point above C-50 makes both end 
milling and drilling much more difficult 


After selecting the tool material, the proper 
speed, feed and tool geometry should be chosen. 
Chip load, or feed, must be such that the cutter 
teeth penetrate under the surface layer. If 
not, the surface will work harden, and the 
resulting high frictional heat and vibration will 
cause excessive tool wear and deterioration of 
the surface. Tools must be ground to very 
close tolerances to insure uniform loading. 

Where it is possible to grind the finished part 
after heat treatment, careful control is required 
to avoid grinding cracks in these materials at 
high hardness levels (even though the greater 
resistance to tempering of H-11 enables grind- 
ing operations to be used with less likelihood 
of softening the surface). Furthermore, parts 
should be stress-relieved after grinding. 


Superalloys Offer Problems, Too 


Superalloys, often used in gas turbine jet 
engines where operating temperatures require 
heat and corrosion resistant metals, are also 
difficult to machine. In their softest condition, 
which is produced by either annealing or solu- 
tion treating, they are “gummy”. This condi- 
tion causes the tool to heat up very rapidly. 
Material builds up on the cutting edge of the 
tool, and when this build-up edge shears off, 
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Machining High-Temperature, 
High-Strength Alloys 


® Machine tools should be rigid, modern and 
as “overpowered” as possible. 

* Hold both the work and the tool rigid. 

* Tools should be kept sharp at all times. 
Hone the cutting edge slightly. 

* Carbide tools are often mandatory. 

* Generally, tools should be ground with a 
zero to slightly positive back rake and positive 
rake. 

* Keep tool “overhang” to a minimum to 
help maintain rigidity. 

Heavy sulphur-base or sulphur-chlorinated 
lubricants are generally preferred. 

* The depth of cut should be as heavy as 
possible to avoid “glazing”. Feeds and speeds 
usually must be lower than with conventional 
metals. 

* Drilling is the most difficult machining 
operation — turning and facing are the easiest. 

* Last but not least: Have patience, don’t 
expect miracles — at least not immediately. 


part of the cutting edge also chips away. Ulkti- 
mately, the tool fails. If extreme care is not 
exercised, these grades will work harden se- 
verely, causing the tool to glaze over, or burnish 
the part being cut. 

Although “gummy”, these grades are quite 
strong, requiring higher horsepower for ma- 
chining than conventional types of steel. Those 
grades that can be heat treated are somewhat 
easier to machine because of their lower work 
hardening tendencies. However, because they 
reach hardnesses of Rockwell C-35 and higher, 
they have high shear strengths, are abrasive in 
nature, and present major machining problems. 
Iron-base alloys, which have an over-all machin- 
ability rating of 30 to 45%, are designated as 
satisfactory. In contrast, the nickel and cobalt- 
base groups (rated from 10 to 15%) are much 
more difficult to machine. In the iron-base 
toolsteel group, the martensitic steels, which 
are subsequently hardened and _ tempered 
(H-11 is a good example), machine best in 
the annealed condition. Good machining char- 
acteristics can also be obtained by following 
the annealing treatment with a definite amount 
of cold drawing. This controlled amount of 
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cold work increases hardnesses somewhat, im- 
proving response to machining. The hardened 
and tempered condition has the poorest machin- 
ability; it will vary with the tempering tem- 
perature. Hardnesses range from C-25 to 45. 

For the “transformed and tempered”* type 
of martensitic steels, the equalized and over- 
tempered condition provides best machinability. 
Average machinability, attained by full heat 
treatment (transformed and tempered), can be 
further improved by overtempering. In the 
annealed condition, the steel is soft, and great 
care must be exercised to prevent any cold work 
which would result in transformation to hard 
martensite. Such transformation would re- 
sult in erratic machinability and poor tool life. 

For best machining, the work hardened, iron- 
base austenitic alloys (19-9 DL, a stainless steel) 
are annealed, cold drawn a controlled amount, 
and stress-relieved. Next best is the warm 
worked and stress-relieved condition. Aver- 
age machinability can also be attained by an 
intermediate annealing treatment. In its soft- 
est condition, fully annealed, this type of alloy 
has its poorest machining characteristics. 

The precipitation hardening iron-base alloys, 
such as A-286, are best machined after being 
solution treated and cold drawn to a given 
degree. Solution treating, followed by over- 
aging, results in average machinability. If it 
is not feasible to overage, the standard solution 
treatment and aging cycle will give fairly satis- 
factory results. Because of “gumminess” and 
work hardening tendencies, the solution-treated 
condition is the poorest for this type of alloy. 

For the austenitic nickel-base materials which 
do not harden by heat treatment, the annealed 
condition provides the best over-all machin- 
ability. Some users have found that a con- 
trolled percentage of cold work following the 
annealing treatment will give good machining 
characteristics. The hot rolled condition — that 
is, the condition of the material as it comes off 
the rolling mill and cools to room temperature 
— is poorest for machining. 

Those nickel-base austenitic materials which 


*“Transformed and tempered” steels are those 
which harden by transformation rather than by 
conventional quenching in oil or water. The so- 
called precipitation hardening stainless steels such 
as AM 350 and AM 355 are examples of this type. 
The “equalize” treatment (1450° F. for 3 hr. — air 
cool) precipitates alloy carbides and permits trans- 
formation of austenite to martensite. The “over- 
temper” treatment (1050° F. for 3 hr. — air cool) 
softens the martensite. 
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The Data Sheet (p. 100-B) on machining 
A-286 is the first in a series which will present 
the results of studies on machining character- 
istics in turning, milling, drilling and tapping 
high-strength heat resistant alloys. Subsequent 
Data Sheets will be devoted to machining 
AM 350, 6 Al, 4 V titanium, A.I.S.I. 410, Udimet 
500, Inconel 700, HS-25, A.L.S.I. 4340 and H-11 
type hot work die steels. 

Information in the Data Sheets was developed 
through the U. S. Air Force. Machinability 
studies were sponsored by the AMC Aeronauti- 
cal Systems Center, Manufacturing and Mate- 
rials Technology Division, Wright-Patterson Air 
Force Base, Ohio. These studies, now in their 
fifth phase, were started in 1949 and were de- 
signed to solve machining problems facing the 
aircraft and other industries. Emphasis has 
been placed on studies of difficult-to-machine 
alloys. The plan has been to develop data for 
practical machining before new alloys are used 
extensively in production applications. 

Phases 1, 2, 3 and 4 of this program were ac- 
complished under a prime contract to Curtiss- 
Wright Corp. with Metcut Research Associates, 
Inc., as the major subcontractor performing the 
machinability testing. All four phases were con- 
cluded with a final report, U. S. Air Force Ma- 
chinability Report, Vol. 1, 2,3 and 4. Volume 1, 
published in 1950, deals with jet engine alloys. 
Volume 2, published in 1951, 1s devoted pri- 


can be precipitation hardened (Waspaloy, for 
example) exhibit best machinability when they 
are solution treated and partially aged. When 
such a heat treating cycle is not feasible, these 
grades can be machined, although with greater 
difficulty, after a full aging treatment following 
the solution treatment. Machining quality also 
falls off in the annealed or solution-treated 
condition primarily because the materials are 
“gummier” and have high work hardening tend- 
encies. When the alloys are used in this con- 
dition, tools must be kept sharp at all times and 
the machining setup should be as rigid as 
possible. 

The cobalt-base superalloys, such as L-605 
and J-1570, generally can be rated about the 
same as the nickel-base group for machining 
characteristics. However, the cobalt-base alloys 
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Need Help in Machining Difficult Alloys ? 


marily to the machinability of 12 steels in vari- 
ous microstructural forms and at different 
hardness levels. Volume 3, published in 1954, 
covered titanium alloys. Volume 4, which was 
published late in 1960, is devoted to high- 
strength thermal resistant materials. Volumes 
3 and 4 are available from Curtiss-Wright Corp., 
Wood-Ridge, N.J. Phase 5, now under way, 
will be concerned with refractory materials with 
Metcut Research Associates, Inc., serving as the 
prime contractor. 

The machining data presented in the Air 
Force Machinability Reports and in the Data 
Sheets in this and subsequent issues of Metal 
Progress were obtained by running tool life 
tests rather than by abbreviated or simulated 
tests. While this method is more time consum- 
ing, it leads to accurate data which are repro- 
ducible in the shop. The reproducibility is 
enhanced by the fact that production-type ma- 
chine tools and tooling was used in conducting 
the machinability tests. The cutting conditions 
shown provide practical starting points in set- 
ting up machining operations for the alloys 
involved. 

Metal Progress acknowledges the assistance 
of Robert T. Jameson of AMC Aeronautical 
Systems Center and John Maranchik of Metcut 
Research Associates, Inc., in preparing this 
background information and in making these 
Data Sheets available. 


are considered to be particularly abrasive; for 
this reason, special consideration should be 
given to tool design and preparation. 


Tips for Machining 


You will note a separate box (p. 99) which 
gives suggestions for machining space-age 
materials. Since these notes are likely to appear 
somewhat cryptic, the following amplification 
may help. The first two recommendations, 
which can be considered together, must be 
observed if one is to cope with the high shear 
strength of these alloys and the necessity for 
taking positive cuts at all times. Positive cuts 
are needed to prevent glazing or burnishing 
and work hardening of the surface.) A rigid 
setup also minimizes chattering, which causes 
work hardening, poor (Continued on p. 145) 
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How Nickel Stainless Steel “lightweights” 


curb Philadelphia subway costs 


Commuters using the Market-Frankford 
elevated subway line in Philadelphia 
are smiling these days. So are transit 
authorities. That’s because the line’s 
new subway cars are the most modern 
in design for passenger comfort... and 
the most economical the city could buy. 
Compared to competitive subway 
cars, during a 35-year depreciation 
period these new Nickel Stainless Steel 
cars will: 
Operate on $2.4 million less power. 
They are solidly constructed, yet are so 
light they run on 12% less electric 
power than conventional cars based on 
the same specifications but fabricated 
from other materials. 
Require $4 million less maintenance. 
Designed and built from Nickel Stain- 
less Steel by The Budd Company to 
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specifications set by the City of Phila- 
delphia and the Philadelphia Transpor- 
tation Company, these cars need no 
painting and virtually no exterior main- 
tenance . .. because Nickel Stainless 
Steel resists corrosion and retains its 
handsome finish. 

And because they are the lightest cars 
for their size ever built, they: 
Help cut running time by 6 minutes. 
Thanks to the excellent combination 
of stiffness and high strength found in 
Nickel Stainless Steel, their thinner- 
gauge body shells reduce costly dead- 
weight and make it easier for powerful 


by $6.4 million 


motors to increase acceleration and 
braking rates. 

Can Nickel alloys save you money? 
Alone or with other elements, Nickel 
improves hundreds of alloys, making 
possible almost any desired combina- 
tion of properties for meeting specific 
service demands...while reducing long- 
term costs. For a guide to information 
about Nickel, its alloys, and their indus- 
trial applications, send for our catalogue 
of publications. Ask for List “A”. 


The International Nickel Company, Inc. 


67 Wall Street Anco, New York 5, N. Y. 


Ineo Nickel i 


Nickel makes alloys perform better longer 
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umn for the steel of the future 


Users of steel, searching for new 
steels, are obtaining the necessary 
properties to meet this challenge 
through Columbium. 

Future steels will provide greater 
strength with less weight . . . good 
formability . . . good weldability . . . 
fewer rejects . . . and all this is 


possible through small additions of 
Columbium. 

Investigate the many new applica- 
tions for Columbium Steel. Any steel 
company can advise you as to its 
advantages for your product or prod- 
uct parts ... or write to us for com- 
plete information. 


MOLYBDENUM 


CORPORATION OF AMERICA 
1312, Building Number 4, Gateway Center, Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representotives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiary: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 


Circle 1229 on Page 48-B 
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Bausch & Lomb salutes: 
William C. Coons 


... Winner of Six Awards in the 1959 A.S.M. Metallographic Exhibit 


WINNER OF 3 BLUE 
RIBBON AND 3 HONOR- 
ABLE MENTION AWARDS 
William C. Coons, 
Senior Research Metallurgist, 
Nuclear Sciences and 
Engineering Dept., Research 
Division, Curtiss-Wright 
Corp., Quehanna, Pa. 


HIS AWARD-WINNING 
PHOTOMICROGRAPHS, 
MADE WITH A 
BAUSCH & LOMB 
METALLOGRAPH 


. BLUE RIBBON—''Alpha-beta 
titanium, water quenched from 
1400 °F" 

BLUE RIBBON—''Cadmium- 
antimony alloy showing beta 
plus gamma eutectic plus 
primary gamma crystals" 

. BLUE RIBBON—'' Molybdenum 
alloy heliarc welded to 
tungsten" 

. HONORABLE MENTION— 
‘Udimet 500 polished on new 
automatic polishing device 
developed by the Research 
Division, Curtiss-Wright Corp." 

- HONORABLE MENTION— 
““UO?2Al cermet fuel element 
structure" 

HONORABLE MENTION— 
“High-density, hot pressed 
beryllia (BeO)" 


Bausch & Lomb Metallographs 

help industry boost output and maintain quality 

by providing detailed magnified images—visual or photographic— 
for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic equipments. It provides 
ready choice of four different views of the same sample—by bright field, dark field, polarized light, 
or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you 
save on time and materials. Write for Catalog E-240, and for complete 

expert advisory service. No obligation, of course. 

Bausch & Lomb, 63815 Bausch St., Rochester 2, N. Y. 


America’s only complete optical source... from glass to finished product. 


Visit B&L Booth 215 at the Western Metal Exposition, Pan-Pacific Auditorium, Los Angeles, California, March 20-24, 1961 
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Producing 
for the New 
Technologies 


Design and Manufacture 
of Reactor Vessels 


Difficulties arise from ignorance about radiation damage to steel 


By D. K. DAVIES* 


and welds, from laminations and inhomogeneities in the plate, 
from lack of standardized test and inspection methods, 


To THE UNINITIATED A REACTOR for a 
nuclear power plant looks a good deal like an 
ultra-husky autoclave, pressure vessel or boiler 
of peculiar shape. While the similarity is more 
apparent than real, we in the pressure and 
boiler industry (which has made the reactor 
vessels) have had to rely on old experience 
gained in building large drums and equipment 
long before the first chain reaction was har- 
nessed, and long before accurate analytical 
methods were available for computing the 
stresses. A large proportion of our knowledge 
has come from field service, and adequate and 
safe design rules have been embodied in the 
American Society of Mechanical Engineers’ 
Boiler and Pressure Vessel Code. In view of 
this history we know, then, that environment 
is often a determining factor in design. 

This immediately brings forward a_ prime 
difference between design of a pressure vessel 
and a nuclear reactor — the fact that the latter 
is subject to radiation damage. Most environ- 
mental effects on vessels in the process or power 
industries begin with some sort of interaction 
between the surface of the vessel and the mate- 
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and from quite limited experience with operating reactors. (T11, T26q) 


rial in contact with it. This interaction some- 
times leads to failure; but the failure usually 
appears first in the form of surface changes 
which are discoverable by visual or instrumental 
inspection so that remedial action can be taken 
before the defects endanger the integrity of the 
vessel. Radiation damage, on the other hand, 
is certainly not a surface effect. This presents 
us with two new circumstances: First, it can’t 
be readily detected by surface inspection. 
Second, since its effects are not confined to the 
surface area, the chances are that failure, if it 
occurs, will not be of a progressive nature. 
Design of Openings 

The most serious effect of radiation damage 
from the standpoint of the pressure vessel de- 
signer is reduction in toughness and ductility 


of the steel. We have for years been designing 
pressure vessels with local areas of high stress. 


*Chief Nuclear Component Specialist, Boiler Di- 
vision, Babcock & Wilcox Co., Barberton, Ohio. 
This article is a shortened version of a talk Mr. Da- 
vies gave before the U. S. Atomic Energy Com- 
mission’s Welding Forum. 
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Fig. 1 — Nozzle Welded Into Drum 
Without Reinforcement. Stress at 
inner edge of opening is 2.06 
times the circumferential _ stress 
in the wall some distance away 


The inherent ductility of the steel has allowed 
us to do this with relative impunity. In all 
probability this is not true for nuclear reactor 
vessels — and we must therefore be able to 
predict with accuracy the strain levels in all 
locations susceptible to radiation damage. With 
all the mathematical work that has been done 
on shell theory, there still remain a number of 
problems for which we have no ready solution; 
few people realize the gap between the theore- 
tician or experimenter and the designer who 
must apply his work. Even after he under- 
stands the theory and method of application, the 
designer must use it in such a way that it 
results in designs which can be built econom- 
ically with available metals. 

To be specific I will briefly indicate the situ- 
ation existing at and around openings. The 
primary coolant nozzle certainly needs rein- 
forcement, yet theory and experience prove that 
an over-reinforced nozzle may be more suscep- 
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Fig. 2— Nozzle Reinforced 15% 
More Heavily Than Suggested 
by Boiler Code. Stress at inner 
edge of opening is 2.04 times the 
circumferential stress in the wall 


Circumferential 


Fig. 3—Unreinforced Hole in 
Much Thicker Wall (380% Re- 
inforced). Stress at inner edge 
of opening is 1.16 times the 
circumferential stress in the wall 


tible to failure than an opening without any 
reinforcement whatever. The accompanying 
sketches indicate stress concentration factors 
for three designs. Figures 1, 2 and 3 are derived 
from tests on a full-scale drum, checked by later 
theoretical analyses. Figure 2 portrays about 
the best obtainable. Reinforcement is 15% 
greater than suggested by the Code, and the 
stress at the edge of the opening is about double 
that in the pressure vessel shell. Figure 3 
shows what is, in effect, an unreinforced hole 
in much thicker wall, which has a stress con- 
centration factor of only 1.26, but it is costly and 
often cannot be used without interfering with 
heads, weld seams and closures. 

The fact that the tangential stress in a cylin- 
drical drum is twice the longitudinal stress is 
utilized in the elliptical nozzle shown in Fig. 4. 
By adding 20% more reinforcement to that 
required by the code, stress concentration fac- 
tors as low as 1.19 may result. However, such 
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Fig. 4 — Stress Concentration Factor of 1.19 
Achieved by Oval Nozzle, Reinforced 20% 
More Heavily Than Suggested by Boiler Code 


a nozzle is very difficult and costly to make. 

The stresses at openings should not exceed 
values which can be readily relieved by small 
amounts of plastic deformation during hydro- 
static test and the first few operating cycles. 
If the ductility is to be seriously damaged by 
high-intensity radiation, we believe that stress 
concentration factors should be less than 2.5. 
A simple precaution would be to place nozzles 
as far from the radiation source as possible — 
which should seldom be difficult. Abrupt dis- 
continuities in thickness or contour, whether on 
interior or exterior surfaces, should either be 
avoided entirely or removed from regions of 
greatest neutron exposure. This includes sup- 
port skirts, locating lugs, abrupt changes in 
shell thickness, and thermo-wells, instrument 
connections and other small unreinforced 
openings. 

Even though the cylindrical shell carries 
smaller stresses than any other portion of the 
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reactor vessel, it is not necessarily free from 
all discontinuities. Tool marks, gouges, dents 
or any such thing caused by improper handling 
can produce local areas of high stress, whose 
magnitude will depend on the well-known vari- 
ables of notch depth, the shape of the root of 
the notch, and the number of such notches in 
a given area. Such markings on the internal 
surface are minimized if the vessel is clad, as 
will be indicated later. 


Material and Fabrication 


So far, only design has been considered in 
examining the effect of irradiation damage on 
reactor pressure vessels. Several precautions 
must be used during manufacturing to minimize 
the effects of radiation damage. At the risk of 
stating the obvious, this subject will be briefly 
discussed because it is so important. It will 
also bring out some of the disadvantages of 
our present manufacturing techniques. 

Starting with the raw material, there is a 
great deal which can be done to counteract the 
effects of service conditions on reactor vessels. 
The customary steel* has been melted and heat 
treated in such a way as to possess at least 
15 to 30 ft-lb. impact resistance using a Charpy 
V-notch specimen at 10°F. This is usually 
obtained through the use of fast cooling rates 
during heat treatment. A receipt inspection, 
usually done at the fabricator’s plant, consists 
of a complete ultrasonic examination, scrutiny 
of the mill tests and special reports, especially 
the toughening heat treatment to obtain the 
required Charpy values. There is no question 
but that the ultrasonic inspection is of great 
value and will continue to grow in importance 
because it allows us to discover and remove 
many of the interior imperfections not apparent 
to surface inspection. 

During manufacturing, special care is taken 
in many operations. Some of them may, to the 
uninitiated, appear to have minor importance, 
but we in the boiler and pressure vessel industry 


*Most reactor vessel shells are made from steel 
plate conforming to A.S.T.M. specification A 302. 
Grade B, “Magnesium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels”. Compo- 
sition of plates over 2 in. thick is 0.25% max. C, 
1.10 to 1.55 Mn, 0.45 to 0.60% Mo. Specified ten- 
sile properties are 80,000 to 100,000 psi. tensile 
strength, 50,000 psi. min. yield point, 17% elonga- 


tion in 2 in. A bend test is also required wherein 


the standard specimen must bend at room temper- 
ature through 180° without cracking around a pin 
3.5 times the thickness of the specimen. 
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know from ample experience that prior history 
of the constructional material has great influ- 
ence on test results and especially on perform- 
ance in service. For example: 

1. The surfaces of the plates which are to be 
toward the inside of the vessel are either 
machined or ground smooth, prior to cladding. 

2. Cladding, either by deposition of stainless 
weld metal or by spot welding a stainless sheet. 

3. Hot forming at 2200° F. for plates to be 
formed into heads and at 2000° F. for those 
which are hot rolled into cylindrical shells. 

4. Normalizing at 1750° F.— This operation 
may or may not be performed depending on the 
microstructure existing after hot forming. 

5. Tempering at 1150° F. 

6. Welding joints in thick steel shell and thin 
stainless cladding. Striking an electric arc 
anywhere on the surface is strictly prohibited. 
(In passing it might be mentioned that we do 
not have nearly as much information as we 
should have concerning the resistance of weld 
metal — joints —to radiation damage.) 

7. The vessel is spray cooled from 1750° F. 
after welding. 

8. Cold forming is sometimes required in 
small amounts to re-round cylindrical shells. 

9. Stress-relieving at 1150° F.—This oper- 
ation will be performed seven or eight times 
during various stages of manufacture depend- 
ing on the exact fabrication sequence. 
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A Glowing Red Stee! Slab 
Weighing More Than 58,- 
000 Lb. Is Set for Die 


Forming at Babcock & 


Wilcox Co. in Barberton, 
Ohio. Forced into a hemi- 
spherical shape, it will be- 
come the bottom closure 
of a reactor for a nuclear 
electric generating station 


10. Exterior surfaces are usually Magnaflux 
inspected, 100% of the area. 

11. Tool marks are removed wherever they 
occur. 

12. Near the completion of the fabrication, 
after all heat treatments have been performed, 
samples are cut and subjected to additional 
Charpy impact tests to make sure that nothing 
has impaired the original toughness of the 
material. 

13. Many vessels are spray quenched or sub- 
jected to other methods of rapid cooling to 
improve Charpy impact values which have 
fallen off during fabrication. 

To a considerable extent the methods used 
for cladding take care of Item 1 in the above 
list. Depending on the type of cladding which 
is applied, the surface is either machined or 
prepared in some other way. In applying clad- 
ding by resistance welding, which Babcock & 
Wilcox Co. has used successfully for a number 
of years, the shell plate is ground on its interior 
surface, not so much because we are concerned 
with stress-raising discontinuities, but because 
a good surface is required for a good bond 
between the cladding and base material. Where 
weld-deposited cladding is used, it is customary 
to machine the inside so that, again, virtually 
all sharp discontinuities are removed (provided 
the finish is reasonably smooth). In addition, 
the surfaces are (Continued on p. 148) 
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Trends in Materials 


for Reactor Control Rods 


Hafnium still maintains its position as the most widely used 
control material, but the performance of rods made from 


By J. B. GIACOBBE* 


a cadmium-indium-silver alloy and a stainless steel 
containing boron are being investigated in commercial reactors. 
Rare earths also look promising because of their high 


Because or THem to absorb neu- 
trons, control materials for nuclear reactors act 
as throttles which regulate the “speed” of the 
reaction. Today, most control materials are 
used in the form of rods that can be moved in 
or out of the core to maintain the desired level 
of reactivity. 

For military cores, hafnium still remains the 
prima donna of control materials and virtually 
all of it is used for this purpose. The prime 
nuclear considerations are the non-burnout be- 
havior of the material, adequate thermal absorp- 
tion cross section and excellent resonances in the 
epi-thermal range. Metallurgical advantages of 
hafnium are its good corrosion resistance in hot 
water, adequate mechanical properties and 
workability. It can be welded satisfactorily, 
provided there is no excessive mechanical re- 
straint during cooling. 

As with other materials, hardness and rate 
of work hardening of hafnium are closely re- 
lated to its impurity content and indirectly to 
melting technique. Both of these factors must 
be centrolled within close limits to produce a 
material which can be welded and cold worked 
as required in control rod fabrication. Our ex- 
perience to date indicates that strip having a 
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neutron absorption cross section. (T11j, 17-57; Hf, Ag-b, Cd, In, SS, EG-g) 


hardness in excess of Rockwell A-55 presents 
fabrication difficulties. 

For commercial reactors, we have fabricated 
control rods having two types of neutron ab- 
sorbers: Type 304 stainless steel containing 2% 
boron and a 5 Cd, 15 In, 80 Ag alloy. Both 
control rods have a cruciform cross section and 
both absorbers are about % in. thick. The 
boron-stainless section has a span of 15 in. and 
a length of 60 in. compared to 9 in. and 100 in., 
respectively, for the Cd-In-Ag section. Total 
length of each rod is about 17 ft. 

The conventional method for fabricating con- 
trol rods is to join three solid pieces by fusion 
welding. But because of the brittle nature of 
the resulting weld and the low notch sensitivity 
of the 2% boron alloy, the boron-stainless ab- 
sorber was fabricated by spot welding, joining 
four 90° angles of the steel back to back but 
separated by a \%-in. thick spacer. Bending 


1/16-in. plate around a radius of % in. is a diffi- 
cult job because the alloy exhibits low ductility 
at room temperature. An elongation (in 2 in.) 
of only 5% is typical. Reasonable success was 
achieved by using steel back-up strips in the 

*Director, Nuclear Products Div., Superior Tube 
Co., Norristown, Pa. 
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bending die and completing the 90° bend in 
a two-step operation. Zircaloy and_boron- 
stainless cruciforms were joined with flush rivets 
because the two cannot be welded together. 


Cd-In-Ag Alloy Extruded and Plated 


The Cd-In-Ag alloy was extruded into a cru- 
ciform shape then machined to final dimensions. 
To protect the base alloy from corrosion in the 
reactor, it is plated with a thin coating of pure 
nickel. As with the stainless-zircaloy combina- 
tion, there is no reliable method for joining the 
silver alloy to the zircaloy extension by welding 
or brazing. Instead, a stainless steel “interlock” 
was riveted to the silver alloy and the sub- 
assembly was in turn “locked” to the zircaloy 
extension. By careful attention to the riveting 
technique, an excellent joint is obtained. 

During annealing, the rod must be supported 
in a special fixture to maintain close dimen- 
sional tolerances. This is necessary because 
the Cd-In-Ag alloy is quite soft and shows a 
relatively large creep rate at 1000°F., the 
annealing temperature. 

Figure 1 shows a completed boron-stainless 
steel rod made for Allis Chalmers which should 
soon go into service at Elk River. The Cd-In-Ag 
rod made for Westinghouse is now in use at the 
Yankee Atomic Electric Plant. Performance of 
these two types of rods may well indicate the 
future trend in control materials. 


Fig. 1 — Control Rod for Nuclear Reactor Is 
Fabricated From Type 304 Stainless Steel 
Containing 2% Boron Formed as a Cruci- 
form and Riveted to a Zircaloy Extension. 


Rare Earths Being Studied 


The possibility of using rare earth dispersions 
in a stainless steel matrix is now being investi- 
gated for commercial control rods. As shown 
below, the rare earths have extremely high ab- 
sorption cross sections but what is equally im- 
portant, these materials suffer relatively little 
radiation damage. Reliable performance in 
service can, therefore, be expected over longer 
periods of time. 


MATERIAL IsoropE Cross SECTION 
Samarium (Sm) 149 66,000 barns 
Sm.O, 15] 12,000 
Gadolinium (Gd) 155 70,000 
Gd.O, 157 160,000 
Dysprosium (Dy) 161 730 
164 3,000 
Europium (Eu) 15] 9,000 
Eu.O0, 155 13,000 

153 400 
Hafnium (Hf) 174 115 
Cadmium (Cd) 106 2.550 
Boron (B) 10 100 


Although the rare earths are expensive, pro- 
duction of these materials has developed rapidly 
during the past five years, accompanied by a 
significant decrease in price. Furthermore, be- 
cause of the extremely high absorption cross 
section of the rare earths, only small amounts 
are needed. This should provide impetus for 
development of this type of control rod. @& 


Performance of this and other new types 
of rods which represent a departure from 
those made of hafnium will influence future 
trends in the choice of control materials 
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Tue Force's IM-99 Bomarc, built by 
Boeing Airplane Co., is a long-range, super- 
sonic, surface-to-air missile designed to seek, 
intercept and destroy enemy aircraft and certain 
types of other missiles. Guided to the target area 
by ground control, its radar then takes over and 
directs the missile to the kill. The “A” model 
Bomarc, having a range of more than 200 miles, 
is launched by a_ liquid-fueled rocket and 
powered in flight by two ramjet engines. The 
newer “B” model uses a solid-propellant “boost” 
rocket. Improved ramjet and greater fuel- 
carrying capacity give it a range of more than 
400 miles. 

As can be seen in Fig. 1, an exploded view 
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Materials 


and 
Fabrication 


Methods 


or the Bomare 


By R. H. NELSON* 


To build the Bomarc, Boeing engineers 
tap a broad range of experience 

in metals selection and fabrication. 
Backbone of the missile is 

a series of tanks made from 
stainless steel and aluminum alloys. 
Titanium spars support the control 
surfaces and the tail assembly 

is covered with a magnesium 

alloy skin. Described here 

are some of the 

fabricating methods that are used. 
(T24e; SS, Al, Ti, Mg) 


of the “A” model Bomarc, a series of three pres- 
sure tanks, each 35 in. in diameter, make up 
the major portion of the missile’s 47-ft. body. 
Walls of the tanks form the outer surface and 
structural backbone of the missile. In front 
of them is a fiberglas radome and a connecting 
aft nose body section; behind them is the boost 
rocket engine and the tail assembly. A fair- 
ing, which runs along the top of the missile, 

*Bomarc Manufacturing Manager, Aero-Space 
Div., Boeing Airplane Co., Seattle, Wash.  Ac- 
knowledgement is made to Boeing research engi- 
neers Richard Crial, John Crandall, William Gor- 
rell and Lowell Jackson and to technical writer 
Howard Dillman for their help with this article. 
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Boost Oxidizer Tank 
Aft Nose Section 
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Radome / 


houses plumbing and electrical wiring. Struts 
for the ramjet engines fasten to the ramjet 
fuel tank and the wing spars are attached 
inside a connecting body section between the 
ramjet fuel and the heli-fuel tanks. The latter 


—really two tanks welded together — is made 
up of a cylindrical vessel for the liquid rocket 


fuel and a pressure vessel for helium. Com- 
pressed helium supplies pressure to the rocket 
fuel tank, the boost oxidizer tank, and the 
ramjet fuel tank to expel the liquids in these 
tanks through connecting plumbing to the 
rocket and ramjet engines. 

Appearance of the “B” model Bomarc is 
similar to that of the “A” model. However, since 
the “B” model uses solid rocket fuel, it does 
not need the boost oxidizer and heli-fuel tanks. 
These are replaced by a solid-propellant motor 
case in the aft end of the missile. Elimination 
of these heavy tanks saves both weight and 
space and permits installation of a larger ram- 
jet fuel tank. Much of the connecting plumb- 
ing is also eliminated. This leaves space under 
the fairing on top of the missile for three 8-ft. 
air bottles, each 5-in. in diameter. Two of these 
bottles supply operating pressure for the ramjet 
fuel tank; the third pressurizes the nose section 
to help cool electronic equipment. 


Wide Range of Alloys 


Because of their light weight, aluminum 
alloys find extensive application in the Bomare. 
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Fig. 1 — Exploded View Shows Major 
Components of “A” Model Bomarc 


Ramjet Engine 


The fuel tank for the ramjets on the “A” model 
is fabricated from 6061-T6 aluminum which 
has a minimum strength of 42,000 psi. To 
reduce weight in the “B” model, its ramjet fuel 
tank is made of 2219 aluminum —a newcomer 
in the aluminum-copper series which has a 
minimum strength of 58,000 psi in the T 6 con- 
dition. Most of the body and control-surface 
framing members, as well as the skin in certain 
areas of the body and wings, are 2024 aluminum. 

Magnesium also has an important role in the 
Bomarce. The fairing atop the missile, certain 
skin areas on the body and wings and all the 
skin area of the tail assembly are thoriated 
magnesium (HK-31), a lightweight material 
that retains a moderately high strength level 
at elevated temperatures. 

Until recently, spars for the control surfaces 
were machined from 4340 steel forgings having 
an ultimate tensile strength of 160,000 psi. Fin 
and elevator spars are now being made of 7 Al, 
4 Mo titanium alloy. This alloy has high ten- 
sile strength (180,000 psi.), excellent fatigue 
characteristics, and it results in a worthwhile 
weight saving. 

Corrosion resistant 17-7 PH stainless steel 
heat treated to 165,000 psi. forms the boost 
oxidizer tank and the heli-fuel tank in the “A” 
model Bomarc. Chemical stability of the solid 
rocket fuel in the “B” model eliminates the need 
for a corrosion resistant material in the rocket 


motor case. However, the manner in which 
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the solid rocket fuel burns demands an alloy 
of high strength-to-weight ratio. Low-alloy, 
air hardening 4330M steel was selected for 
this application because it can be heat treated 
to the required strength level of 170,000 to 
190,000 psi. It is easily formed and machined, 
and it can be welded without pre and postweld 
heating control. 

The three 8-ft. air bottles, mounted under 
the fairing on the “B” model Bomarc, have been 
fabricated from several materials — each change 
resulting in a weight saving. Originally they 
were made by spinning closed ends on lengths 
of seamless 4130 steel tubing. Next, the ends 
of 7075 aluminum tubes were swaged shut to 
form these bottles. Now resin-impregnated 
fiberglas thread is wound about a salt “melt- 
out” mandrel to build up the required wall 
thickness. When cured, it forms a strong, light- 
weight bottle. 

Resin-impregnated fiberglas is also used for 
the radome which must be a light, strong 
material through which radar waves may pass 
with little distortion or energy loss. The 84-ft. 
Bomarc radome is built up by winding layers 
of the impregnated fiberglas thread longitudi- 
nally and circumferentially about a mandrel. 
At supersonic speeds, the radome’s long stream- 
lined shape protects it from rain erosion, except 
for a very small area on the tip of the nose. 
This area is protected by a metal tip too small 
to interfere with radar performance. 


Control Surfaces and Body Sections 


Bomarc contro] surfaces are constructed 
much like similar components for conventional 
aircraft, being made up of a framework of ribs 
and spars to which a metal skin is riveted. 
Control surfaces are secured to the missile by 
spars bolted to heavy frames in the body sec- 
tions. Body sections, other than tanks, are also 
fabricated by conventional methods and consist 
of a metal skin riveted to a suitable framework. 
These sections house the missile’s power supply, 
electronic control and guidance equip- 
ment, hydraulic unit and rocket engine. 


Machining Titanium Spars 


material, however, resists cutting and tends to 
spring away from the tool. Nesting fixtures 
which provide complete and rigid backup to 
the workpiece during machining overcome the 
problem and assure an accurate part with a 
good finish. 

Some distortion due to stresses induced or 
released by machining was anticipated. In 
most instances, however, distortion, though 
measurable is very minor. The part is first 
rough-machined all over and then finished — 
care being taken to balance all cuts so that 
distortion is held to a minimum. 

The completed spar is a tapered, modified H- 
section. Its inside surface is milled on a 
numerically controlled Kearney-Trecker mill. 
For this operation, high speed toolsteel cutters 
with a high helix angle perform best because 
the tooth pressure is more evenly distributed 
during the complete revolution of the tool. 
Outside surfaces of the spar are machined on 
a Rockford tracer-controlled planer. The hold- 
ing fixture of the planer is built to accommodate 
three spars simultaneously while a master tem- 
plet controls the path of the cutting tools. Meat 
generated in machining the 7 Al, 4 Mo titanium 
spar dissipates from the cutting tool very 
slowly. Of the coolants tested, a mist coolant 
produced the best results. Recommended feeds 
and speeds developed for machining the 7 Al, 
4 Mo titanium spars are given in Table I. 

Attach slots are milled in the spar on a con- 
ventional horizontal mill. Holes in the web 
of the spar (to decrease weight ) are made on a 
drill press, using a standard high speed steel 
counterbore which has been modified to a 
trepan tool. 

Holes for attaching the magnesium skin to 
the titanium spar are drilled through both the 
skin and the spar at the same time without 
coolant. High-speed cobalt drills having a 
135°-90° split point and a 3°-5° positive rake 
angle produce these skin-spar attachment holes 
with minimum burring and close control of size. 


Table I — Machining Conditions for 7 Al, 4 Mo 


Titanium Alloy Spars 


The recent change from steel to 7 Al, Sease Poon 
4 Mo titanium for the fin and elevator — 
spars necessitated new machining proc- | in. per tooth 
tablished rilling 20 to 30 ).002 to 0.004 in, per rev. 
esses and tooling Tests have es Trepanning | 20 to 30 0.003 to 0.005 in. per rev. 
that a better finish and longer tool life Planing 20 to 30 0.010 in. per stroke 


is obtained if the titanium alloy is ma- 
chined in the fully aged condition. This 
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Fig. 2 — Nut Plates Are Riv- 
eted to Forward Head As- 
sembly of “B” Model Bo- 
marc Ramjet Fuel Tank. 
This mechanical joint per- 
mits installation and inspec- 
tion of a rubber fuel-dis- 
placing bladder. Aft section 
of the tank, to which the 
head will be bolted, is 
at the operator's right 


Fabricating Aluminum Tanks gis 


Rolled and welded shell sections, forged and 
machined rings, and draw-formed heads make 
up the aluminum ramjet fuel tanks. In fabri- 
cating these parts, allowances must be made 
for dimensional changes which will result from 
welding and heat treatment. This requires 
careful trimming and machining to assure 
proper spacing between structural attachments 
and that the finished tank has the correct vol- 
ume and meets the stringent aerodynamic 
demands for supersonic flight. 

Shell sections for the ramjet fuel tanks are 
rolled from aluminum alloy plate to a diameter 
which allows for weld shrinkage. To eliminate 
as much weight as possible, the interior surface 
of the rolled shell section is chemically milled to 
reduce the wall thickness in all areas except 
along the edges which are to be welded or in 
the special stiffening belts. The longitudinal 
joint in the rolled shell section is welded in a 


Fig. 3— During Welding of Components 
of Aluminum (2219 Alloy) Fuel Tank, an 
Internal Mandrel Expands Parts Tightly 
Against the External Girth Rings on Both 
Sides of the Joint. Here a forged ring and 
a section of the tank are being joined 
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Fig. 4 — Ramjet Fuel Tank Section Ready 
for Heat Treatment. Internal fixture pre- 
vents buckling and distortion during so- 
lution heat treatment and quenching 


special stake fixture. Water pressure actuates 
rows of hold-down fingers which press the 
abutting edges of the rolled shell firmly and 
uniformly against a chromium-plated copper 
back-up bar. Mechanized welding equipment, 
supported on a horizontal beam over the hold- 
ing fixture, travels at a preset rate along the 
joint, welding the edges together. The shell 
section is then trimmed to the proper length 
and, if necessary, sized diametrically on a 
Grotnes sizing machine. 

Forged aluminum rings serve various pur- 
poses in the ramjet fuel tank. In the “A” model, 
a heavy ring forged in a closed die pistes the 
engine struts. In the “B” model, the ring is 
roll forged and pte atthe A rubber fuel-dis- 
placement bladder is attached to another ring. 
Attach rings with nut plate assemblies form 
pressure-tight mechanical joints between the 
ramjet fuel tank and boost oxidizer tank in the 
“A” model missile, and between the forward 
and aft sections of the “B” model ramjet fuel 
tank (Fig. 2). Roll forged and machined Y-sec- 
tion rings welded to skirt sections and draw- 
formed domed heads are used in the tank head 


assemblies. 
Fitting bosses, machined from aluminum bar 
stock and forged block, are mounted in holes 


bored in the tank shell and aft head. In the 
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Fig. 5 Components of Pressure Vessel for Helium 
Are Machined From Forged 17-7 PH Stainless Steel. 
Tank consists of two heads welded to a center 
shell section. Completed tanks appear in background 


model, only the large outlet fitting boss in the 
aft head is welded in place. The remaining 
smaller fitting bosses are bonded in place after 
the tank has been solution heat treated, utilizing 
the temperature of the subsequent aging cycle 
to cure the bond. 

Head subassemblies, rings and shell sections 
are joined by girth welds made with the parts 
positioned on an internal expanding mandrel. 
This mandrel forces chromium-plated copper 
back-up shoes outward expanding the tank 
parts tightly against two external girth rings of 
a fixed diameter, thus assuring good fitup. The 
positioner, with the joining parts held firmly in 
place, rotates beneath the welding arc to make 
the girth weld as shown in Fig. 3. All welds on 
the ramjet fuel tanks are made with tungsten- 
are inert-gas equipment, using automatic volt 
age control, direct current, straight polarity and 
helium shielding; two-pass, square butt-welded 
joints are used throughout, with most of the 
filler wire being added in the first pass. The 
second pass reduces porosity and brings the top 
weld bead to the desired contour. 

Of the heat-treatable aluminum alloys, 2219 
is apparently the most readily welded. Natu- 
rally there have been problems; probably pre- 
weld cle vaning has been one of the worst. In 
the as-welded condition, welds in 2219 are very 
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Fig. 6 — Grinder Smooths Girth Weld in Heli- 
Fuel Tonk to Improve Aerodynamic Flow. View 
shows forward end of helium tank (foreground) 
and aft end of boost fuel tank (background) 


Fig. 7 — Drilling Holes for Fastening Body 
Joining Ring to Aft End of the Solid-Propellant 
Motor Case. Rocket blast tube will be attached 
to the large fitting in the center of the head 


susceptible to intergranular attack. Therefore, 
once a part has been welded, it must not be 
cleaned further in alkaline cleaners or acids. 
Welded parts or subassemblies are vapor de- 
greased, manually wire-brushed using powered, 
rotary wire brushes, rubbed with stainless steel 
wool and wiped with clean gauze just before 
positioning. Care is exercised in keeping the 
joint area from contacting anything other than 
the weld back-up before welding. When parts 
are accidentally contacted, they are wiped with 
clean gauze saturated with methy] ethyl ketone. 

Another problem area is in making stops on 
girth and fitting welds. Minute crater cracking 
will occur unless very “cold” stops are made. 
Such cracks do not show on X- -ray film after 
welding, but they are frequently re -vealed when 
the part is X-rayed after heat treatment. 

Welds are inspected visually and by dye 
penetrants and, if acceptable, X-rayed. Re- 
quirements which the ramjet fuel tank welds 
must meet to pass X-ray inspection are among 
the highest in the missile industry for 6061 and 
2219 aluminum alloy welds. 

The welded ramjet fuel tank sections are 
heat treated in a vertical furnace. A special 
fixture (Fig. 4) fits inside the tank to prevent 
shrinkage, slumping and distortion during solu- 
tion heat treating and the subsequent quench 
in water at 150° F. 
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Fig. 8 — Tanks Make up Most of the Body 
of the “A” Model Bomarc. From left to 
right are the boost oxidizer tank, ramjet 
fuel tank, connecting body section, heli-fuel 
tank and tail assembly and aft body section 


Stainless Steel Tanks 


A high-pressure helium vessel comprises the 
forward end of the 17-7 PH heli-fuel tank in 
the “A” model Bomarc. Major components of 
the helium tank, pictured in Fig. 5, are two 
hemispherical heads and a center section. 


Fig. 9 — Bomarc Missile, Near Comple- 
tion, Rests in Test Fixture. All compo- 
nents are thoroughly tested before the 
missile is turned over to the Air Force 
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These components are machined from heavy 
forgings to a finished wall thickness of about 
5g in. to withstand an operating pressure of 4300 
psi. The thick center section also serves as an 
auxiliary anchoring point for the wing. 

A heavy boss, integrally forged and machined 
as part of the forward head, provides an outlet 
for the helium tank. This outlet fitting is 
machined to extremely close tolerances after 
all welding is completed. Both the forward and 
aft heads have a Y-section machined in their 
circumference to permit attachment of cylindri- 
cal skirt sections. 

Heavy walls of the helium tank components 
are used advantageously (Continued on p. 142) 
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Refractory Coatings for 
High-Temperature Protection 


By JOHN V. LONG* 


Base metals can be made more heat resistant by converting them 
to “composites” with techniques that modify the surface 

or apply a refractory coat. Surface materials discussed 

include glassy and matte ceramics, cermets, 

metallic and diffused metallic coatings. (L27, L15, L23, 2-62) 


Masy PROBLEMS in 
missiles and satellites are being solved with re- 
fractory coatings. The engineer who recognizes 
the causes of deterioration and failure in metals 
will find that a study of the many types of re- 
fractory protective coatings may solve his down- 
to-earth materials problems involving high 

*Director of Research, Solar Aircraft Co., San 
Diego, Calif 
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temperatures. For instance, a ceramic coating 
will protect a copper or beryllium nose cone 
from temperatures as high as 6500° F. The 
same principle —that of producing a thermal 
drop — is being evaluated for the protection of 
aluminum piston heads in internal combustion 
engines employing similar types of ceramic 
coatings (Fig. 1). 

\ comparatively inexpensive, nonstrategic 
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Alumisnum-Coated René 41 Tur- 
bine Nozzle Vanes for J-93 Engine, 
Ready for Diffusion Treatment 


alloy may have suitable strength properties but 
its use is precluded by poor oxidation resistance 
at service te mperature. By using protective 
coatings, the base material is protected from 
oxidation, allowing it to be used to the limit of 
its structural capability. Thus, less costly alloys 
will often perform as well as uncoated corrosion 
and heat resistant steels and alloys, and the lat- 
ter (when coated) will have a longer service 
life at even higher temperatures. 

Why are there so many different types of 
The primary reason is that there are 


coatings? 


Fig. 1 — These Plasma Arc 
Sprayed Aluminum Piston 
Heads Show the Results of 
an Impact Test to Deter- 


mine Coating Adherence 800 
x 400 
& 
4 
5 -800 
3 
Fig. 2— Oxidation Rates 6 ~1200 
at 1500° F. on Uncoated 
and Coated Type 410, 430 


and 321 Stainless Steel. 
The coating is a typical 
glassy or vitreous type 
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A.1.S.1. Type 321 Uncoated 


many protective coating requirements and no 
single coating can provide all the properties 
desired. These include: 

* Corrosion and oxidation resistance — Con- 
densation products at room temperature and 
combustion products in the higher ranges se- 
verely attack metal surfaces, particularly mild 
steels. A protective coating prevents corrosion 
of the base metal and resists oxidation. 

* Erosion resistance — Metal surfaces may be 
severely damaged by impingement of hot gases, 
flames, and small particles of combustion prod- 
ucts moving at rapid rates. Refractory coat- 
ings will minimize this damage by prov iding a 
buffer between the combustion area and the 
metal confining the process. 

* Thermal insulation — Even though a metal 


A.LS.1. Type 410 Uncoated 
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Fig. 3 — High-Pressure Bellows and Duct 
System Coated to Protect Low-Alloy 
Steel From Oxidation and Corrosion 


may not be capable of withstanding high tem- 
peratures for the brief period during which a 
rocket motor is in operation, an insulating coat- 
ing will keep the base metal cool enough so it 
will not soften and melt. 

* Electrical insulation— Increased power 
capabilities and thermal flight have brought the 
need to operate continuously at higher than 
normal temperatures. Since standard insula- 
tions break down at relatively low temperatures, 
refractory types have found increasing use. 


Vitreous or Glassy Ceramic Coatings 


These decorative and protective coatings 
have been used for quite some time, but it was 
not until World War II that the porcelain enam- 
eler’s techniques were modified to provide high- 
temperature protection. Vitreous coatings are 
smooth, nonporous, tightly bonded to the base 
metal and resistant to temperatures up to 1800° 
F. for long periods. This type of ceramic coat- 
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ing can be used to protect such metallic struc- 
tures as exhaust stacks and flame dampeners. 

Operating temperatures have gone upward 
and greater protection is needed. Improve- 
ments have been made by adding refractory 
materials such as alumina, zirconia, titania, and 
ceria to the coatings. As greater amounts of 
these compounds were added, both the appear- 
ance and character of the coatings changed 
until a new member of the coating family — the 
“matte” finish — was created. Coatings of this 
kind are protective to 2300° F. 

Figure 2 illustrates the protection which can 
be expected from the vitreous or glassy-type 
coating developed to prevent oxidation, car- 
burization and sulphurization of chromium- 
containing steels at elevated temperature. This 
coating protects exhaust manifolds, turbohoods 
and combustion chamber liners where extended 
life or a reduction in critical alloying materials 
is required. In another application, an inner 
liner on an afterburner was coated with ce- 
ramic, allowing stainless to replace a more ex- 
pensive alloy. Equal service life was obtained. 


Coating for Low-Alloy Steel 


Another low-fired, vitreous coating was de- 
veloped to prevent oxidation, decarburization, 
and corrosion damage to low-alloy steels. The 
coating can also be fired on copper-base alloys 
and stainless steel, and has found additional 
use as an electrical insulator. An interesting 
recent application is shown in Fig. 3. Here a 
high-pressure bellows and duct system made of 
low-alloy steel has been coated to prevent oxi- 
dation and corrosion at 850° F. The firing 
temperature was only 1000° F. 

Glassy coatings are beneficial in other ways 
—for example, they improve the fatigue life 
of thin sheet. A ceramic-coated bellows showed 
a tenfold increase in fatigue life for a given 
stress level. Some vitreous coatings also pro- 
vide good electrical insulation. Reactor tubes 
have been coated to insulate against potential 
differences as high as 30,000 v. 

Semivitreous or matte coatings are obtained 
by making additions to glassy coatings. A typi- 
cal example is a titania addition to protect 
superalloys at temperatures above the useful 
range of a glassy coating. Such additions ex- 
tend protection 300° to service temperatures of 
2150° F. This coating is specified for turbojet 
combustion liners, transition liners, afterburner 
flame-gutters and shrouds. 
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Metallic Coatings Increase Protection 


Parallel with the development of glass coat- 
ings came another coating program designed 
to improve the surface resistance of base metals 
with a thin layer of a second metal more re- 
sistant to oxidation and corrosion. Chromium, 
nickel, titanium, aluminum and combinations 
of these have been successfully used to provide 
a thin, closely bonded protective layer. Chro- 
mium can be applied by chromizing, nickel by 
plating, titanium by plating from fused salts, 
and aluminum by a variety of methods. 

When the metallic coating is diffused into the 
surface of the base metal, the surface becomes 
a new alloy. For example, when aluminum is 
diffused into the base metal, an aluminum-rich 
surface layer is obtained which has increased 
oxidation and corrosion resistance (see photo 
on p. 114). At Solar, metallic coating proc- 
esses were developed to resist oxidation, carbu- 


Fig. 4 — Ceramic Method of Aluminizing. 
A pot burner for a small gas turbine 
is being dipped into a slurry of ceramic 
and aluminum prior to drying and firing 
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Fig. 5 — Resistance of Some Coat- 
ings to Oxidation at 1100° F. 
The base metal is A.1.S.1. 1010 steel 


rization, sulphurization, attack by hydrogen and 
hydrogen sulphide gases, erosion and galling 
on alloys requiring a firing temperature be- 
tween 1200 and 1300°F. A typical —~ 
applied to A.LS.I. 1010, Timken 17-22 A, or 
cast iron—consists of an aluminum layer, 
metallurgically bonded to the base metal. A 
modification of the process was developed to 
protect titanium and titanium alloys from ab- 
sorption of oxygen, nitrogen, and carbon at 
temperatures up to 1500°F., and to prevent 
galling of titanium during forming operations. 

Diffused metal coatings provide refractory 
protection at temperatures far in excess of those 
which limit the usefulness of vitreous and matte 
ceramics and nondiffused metallic coatings. 
Diffused aluminum coatings are beneficial on 
a variety of base metals from low-alloy steels 
through superalloys; operating temperatures of 
the base metals may be safely increased from 
300 to 500° F., and, in addition, service life will 
usually be extended. 

The ceramic method of aluminizing is a new 
approach to metalizing. In Fig. 4 a pot burner 
for a small gas turbine has been dipped into a 
slurry of ceramic and aluminum. After drying, 
the coated part is fired to diffuse the aluminum 
into the base metal. The following table dem- 
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onstrates the oxidation resistance of this coating 

on some alloys subjected to 500-hr., high- 

temperature oxidation tests: 

WEIGHT CHANGE. 
Me. PER SQ.IN. 


ALLOY AND TEST 
TEMPERATURE 
17-22 A 

Uncoated (1200° F.) 147 
Coated + 4 
A.1.S.I. 321 
Uncoated (1850° F.) — 1432 
Coated + 20 
Inconel 
Uncoated (1850° F.) 
Coated 
Uncoated (2100° F.) 
Coated 
L-605 
Uncoated (1850° F.) 
Coated 15 
Uncoated (2100° F.) — 1330 
Coated — 12] 
In a specific corrosive medium (vanadium pen- 
toxide, sodium oxide, and carbon), an alumi- 
nized sample of Type 321 stainless showed only 
stains after 30 min. at 1900° F.; the uncoated 
sample was completely severed. 

Because diffused aluminum coatings are usu- 

ally harder and more brittle than the base alloy, 


designers are concerned about possible deteri- 
oration of fatigue properties. In testing stand- 
ard sheet specimens, it was found that fatigue 
strength of Type 347 stainless is actually in- 
creased (from 34,000 to 46,000 psi.) by applica- 
tion of a diffused aluminum coating. 


Cermets Offer Excellent Potential 


The coatings thus far discussed are composed 
of either ceramic materials or metals. Cermets, 
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Fig. 6— Aluminum-Ce- 
ramic Coating Applied 
to Heavy Pipe Sections. 
Low-alloy steels are pro- 
tected up to 1100° F. 
Note good coverage on 
welds and sharp corners 


as the name implies, are materials in which 
ceramic and metallic components are combined 
to produce a coating which capitalizes on the 
best characteristics of each and offsets the dis- 
advantages inherent in each. For example, 
ceramic coatings are brittle. By adding pow- 
dered metal to the glass, some degree of duc- 
tility is achieved. However, glass is far more 
oxidation resistant and provides protection for 
the base metal and the metal in the coating. 

Cermet coatings, especially those which are 
designed to provide protection for carbon and 
low-alloy steels, are proving quite useful. We 
have developed aluminum-ceramic combina- 
tions, called “Alcermet” coatings, which have 
excellent workability; they can be applied to 
almost all low-alloy ferrous materials with bene- 
ficial results. Their use has eliminated many of 
the usual process difficulties such as fishscaling, 
pinholing, and poor bond which are encoun- 
tered when formulations not specifically de- 
signed for coating are used. 

Figure 5 shows the excellent oxidation re- 
sistance of cermet coating on A.I.S.I. 1010 steel, 
compared to a standard commercial ceramic 
coating. Thick or thin components can be fired 
without burn-through or other defects. The 
parts shown in Fig. 6 vary in thickness from 
14 to 1 in. and they contain welds, sharp edges, 
and other areas difficult to coat. The coating 
is easily applied to such items and can be fired 
for as little as 5 min. or for as long as 1 hr., 
with equally satisfactory results. This is im- 
portant in fabrications made of thick and very 
thin components where the thin sections tend 
to “over-fire”. 
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While defense applications of aluminum- 
ceramic coatings have been limited, there has 
been an immediate acceptance by commercial 
users. In Fig. 7, the coating is being applied 
to forced-air heating units. Other uses for 
aluminum-ceramic coatings include water heat- 
ters, oil storage tanks, automobile exhaust pipes 
and mufHers, and incinerators. 


Flame Spraying 


The successful application of coatings to 
metals and alloys can be attributed in large 
part to the work of the porcelain enameler. 
Briefly, he grinds a low-melting glass in a liq- 
uid vehicle, sprays or dips the metal part into 
the mixture, then fires the part in a furnace (at 
a temperature well below the softening point 
of the metal) to fuse the glass into a continuous 
layer. Improvements and modifications have 
extended this art to the high-temperature pro- 
tective coating field. In many instances, how- 
ever, extreme high-temperature resistance or 
thermal insulation is required and the coating 
materials that are used cannot be fused and will 
not bond at a firing temperature below the 
melting point of the base metal. For example, 
what do vou do when you want to coat steel 
with aluminum oxide or zirconium oxide, both 
of which melt above 3500° F.? 

The answer lies in flame spraying, which is 


rapidly advancing to meet the requirements of 
high-temperature thermal insulation and ero- 
sion resistance. In this process the coating 
material is forced at high pressure through a 
spray gun; the high temperature produced in 
the combustion chamber readily melts the re- 
fractory material, which is projected to the sur- 
face of the.part to be coated. Upon contact, 
the molten droplets flatten and bond to the base 
and to each other, and the coating gradually 
builds up to the desired thickness. The part 
itself can be cooled, or maintained at a tem- 
perature at which desired base-metal properties 
are retained. 

Three general types of flame-spraying equip- 
ment have been developed; feed material can 
be either liquid, powder, or rod. Many spray 
guns are available commercially and all appear 
to be quite effective. An automatic setup can 
be employed for powder flame spraying sym- 
metrical parts such as rocket nozzles. Hand 
spray guns are useful for flame spraying cer- 
mets, such as nickel-magnesium oxide and other 
combinations. 


More Sophisticated Applications 

A great deal of technical knowledge is re- 
quired, however, before successful coating can 
be achieved. Once the basic coating technology 
is assimilated, it is possible to approach com- 


Fig. 7 — Forced Air Heaters After Coating with Alumi- 
num-Ceramic Mixture at Payne Div. of Carrier Corp. 
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Fig. 8 — 19-9 DL Stainless Manifold Parts 
Being Brazed With a High-Nickel Braz- 
ing Alloy. Special coating allows braz- 
ing in air. Induction coil is on inside 


Fig. 9 — Rocket Nozzle Built Up in Layers by 
Plasma-Flame Spraying. Wall composition varies 
from 100% W (inside) to 100% ZrO, (outside) 


plicated problems with confidence. Unusual 
and highly beneficial results may be achieved 
by combining two or more coating techniques. 
For example, an exhaust stack — aluminized on 
the inside and ceramic coated on the outside — 
provides good oxidation resistance and protec- 
tion against lead products, carbon and sulphur 
on the inside, and also reflects heat. The outer 
ceramic layer provides oxidation and corrosion 
protection and improves the heat-emission char- 
acteristics. This combination of reflectivity on 
the inside and emissivity on the outside keeps 
the exhaust manifold much cooler than it would 
be if it were either uncoated or coated by only 
one process. 

In brazing stainless steel, a carefully con- 
trolled inert atmosphere is usually required, but 
special coating formulations now permit induc- 
tion brazing in air. This is shown in Fig. 8; 
stainless steel parts are being joined with a high 
temperature, nickel-base brazing aHoy. 


Plasma Are Spraying 


The adaptation of the plasma arc for powder 
spraying has made it possible to melt (or plasti- 
cize) and spray materials having the highest 
melting points known to man. This capability 
plus the advantage of atmosphere control dur- 
ing spraying has improved and will extend 
refractory coating applications. 

Defense programs and developments in the 
aeronautic and astronautic fields have brought 
about a requirement for materials capable of 
operating under conditions of high heat flux 
and high temperature. Requirements for heat 
shields for satellite re-entry and glide re-entry 
have posed material problems beyond current 
technology. 

In a typical plasma spray system, monatomic 
or diatomic gases pass through an electric arc 
(at 26,000° F.) contained in a water cooled 
tube. Powder materials are usually introduced 
downstream of the arc. Here they are melted or 
plasticized and carried at high velocity by the 
plasma to the workpiece. Refractory metals, 
oxides, carbides, nitrides, borides and silicides 
can be sprayed. 

An important byproduct of the plasma arc 
technique is the potential for tailor-made 
new engineering materials. Figure 9 shows a 
tungsten-zirconia rocket nozzle built up in 
layers by plasma-flame spraying. The composi- 
tion of the wall varies in uniform steps from 
100% tungsten on the inside to 100% zirconia 
on the outside. eS 


METAL PROGRESS 


4 
| | 


Brazing Shortcuts for the B-58 


At the Fort Worth plant of Convair, several devices and methods 


By D. R. TORGESON 
and J. J. KENNA* 


have been developed to lower brazing costs and shorten brazing time 
of honeycomb panels. Many of these ingenious shortcuts 


In THE B-58, A SUPERSONIC BOMBER, the 
wings, fuselage, vertical fin, rudder, and com- 
ponent pods carried beneath the fuselage are 
fabricated from bonded sandwich panels of 
aluminum honeycomb. While the fabrication 
of such structures is a standard practice today, 
this was not always so. As a matter of fact, in 
the advance of brazing from a structural con- 
cept to a reliable production operation, the first 
efforts were fraught with many knotty prob- 
lems. This article will describe some of the 
difficulties met and solved in fabricating one 
type of brazed honeycomb structure. 


A Typical Part 


The engine nacelle panel of the B-58 consists 
of 17-7 PH stainless steel honeycomb core sand- 
wiched between thin metal skins and contained 
within Z-edge members. Detail parts are all 
brazed together with a_silver-copper-lithium 
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are described in this article. (K8; SS, Al) 


alloy. High strength and light weight combine 
to make this structure extremely durable within 
the operating temperature of the plane. 

In producing this panel, we made several 
modifications and improvements in the brazing 
operation; they have resulted in reduced time 
cycles, lower costs, and improved panel quality. 
A number of these advances were made in tool- 
ing. Permanent-type braze forms around the 
panel — these transmit pressure from box dia- 
phragm to panel — are currently made of Type 
321 stainless steel because the thermal coeffi- 
cient of this steel closely matches expansion of 
17-7 PH. For contoured panels, a slotted-type 
braze form (Fig. 1) allows panel flexibility 
throughout the brazing temperature range over 


*Manufacturing Research Engineers, Applied 
Manufacturing Research and Process Development 
Dept., Convair, Div. of General Dynamics Corp., 
Fort Worth, Tex. 
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Fig. 2—Panel Detail As- 
semblies Are Tack Welded, 
and Placed in the Braze 
Box as a Package. This is 
a typical assembly fixture 


the entire contour. It minimizes repair, mainte- 
nance, and replacement costs. 

Originally, the braze boxes were welded of 
heavy-gage stainless steel, a thin diaphragm be- 
ing welded to the top after inserting the panel 
package. Because of higher labor costs and 
nonuniform size (coupled with the possibility 
of panel scrappage caused from weld leaks), a 
one-piece braze box was devised. 

Large wedge panels, about 3 by 6 ft., were 
originally brazed in all-welded boxes. How- 
ever, thermal stresses occurred during brazing, 
particularly around the corner sections; these 
resulted in severe warping and resultant leaks, 
a short-lived box and distortion of vacuum 
sheets on the panel. To correct this, a graphite 
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Fig. 1—Slotted-Type Braze 
Form. The engine nacelle panel 
is contoured; the slots in the 
form allow for flexibility while 
the form expands and con- 
tracts on heating and cooling 
during the brazing operation 


block was recessed for the panel. The support- 
ing graphite edges prevent distortion of the 
surrounding sides of the box which would other- 
wise occur due to thermal stresses during braz- 
ing. As a result of this tooling, shop time is 
conserved and panel quality improved. 
Because of the close tolerances necessary be- 
tween panel components, all panel detail assem- 
blies (complete with brazing alloy) are tack 
welded together, and placed in the braze box as 
a package. Reliable tack welding equipment 
and one-piece lay-up fixtures greatly increase 
efficiency in this area. Fiberglas fixtures are 
copper plated in the contact areas to provide 
convenient backup for the tack weld operation. 
Figure 2 shows a typical assembly fixture. 
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Fig. 3 — Unit for Automatic Cycle Purging. When in operation, this device 
purges two honeycomb panels at a time. Ten full cycles complete the operation 


Fig. 4 —“Atmospheric Bar- 
rier’ Protects Honeycomb 
Panel From Outside At- 
mosphere During Brazing. 
Argon is inside the barrier 
to protect the panel while 
a vacuum is pulled out- 
side the barrier. If a leak 
occurs, the pressure dif- 
ferential will cause the ar- 
gon to leak out; thus no air 
can contaminate the braze 


Automatic Cycle Purging Saves Time 


Operations have improved, too. For example, 
automatic cycle purge equipment saves much 
brazing time. Before the equipment shown in 
Fig. 3 was installed, an operator had to manip- 
ulate vacuum and argon valves through the ten 
separate cycles required to displace air with 
argon in the honeycomb core panel lay-up. The 
automatic equipment now enables him to purge 
two panels at a time. Not only is purging time 
shortened, but a large part of operator's time 
can be used for other purposes. 

One of our significant developments is the 
“atmospheric barrier”. As illustrated by Fig. 
4, this device is simply a fence surrounding the 
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panel in the braze box. Argon gas is introduced 
within the inside barrier compartment while 
vacuum is pulled from the surrounding zone 
between barrier and braze box. When the vac- 
uum sheet is pulled down over panel and bar- 
rier, a relatively tight inner compartment is 
created, establishing a differential pressure 
between inner and outer compartment. Since 
a lower absolute pressure is maintained in the 
outside area of the panel, any leakage which 
may develop during brazing will allow air to 
enter this outside region only. Thus, contami- 
nation is prevented within the barrier compart- 
ment. This device has worked so effectively 
that, even though the vacuum sheet ripped at 
a corner over a l-in. span on one occasion, the 
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panel braze was bright and unoxidized. 
Development of this technique resulted in 
a further modification of our original brazing 
procedure, elimination of the furnace retort. 
Our original gas-fired furnaces for brazing 
large panels consisted of a large, argon-purged 
retort into which the individual boxed panels 
were introduced. The sealed braze box was 
also argon-purged. Since the barrier technique 
eliminated the need for an argon atmosphere 
outside the boxed panel, the retort was elimi- 
nated. With only minor modifications in 
furnace control and external braze box insu- 
lation, uniform temperatures were readily 
achieved over the external braze box surface. 
Brazing time was reduced by about 70%. 


Patch Brazing for Repair 


The basic advantage of the brazed honey- 
comb structure is its high strength-to-weight 
ratio, which is brought about by the very thin 
case and skin material. Some of the B-58 panel 
skins are only 0.005 in. thick and none are 
thicker than 0.010 in. As a drawback, these 
thin skins are very easily damaged during 
handling. They are also vulnerable (after in- 
stallation on the aircraft) to small stones and 
other debris thrown up from the runway. To 
prevent loss of a panel caused by a small punc- 
ture or hole, we have developed an oxy-acetylene 
tool (Fig. 5) which will braze an 0.010-in. thick 
patch over the damaged area. By using a 


lower-melting brazing alloy with heat over a 
localized area, mechanical properties of the 
panel are satisfactorily retained. 

The conventional TH 1050 heat treatment of 
17-7 PH_ stainless steel (recommended by 
Armco ) calls for an austenite conditioning step 
at 1400° F. for 90 min. Through extensive test- 
ing, we found that direct cooling from the 
brazing temperature of 1650° F. produced ade- 
quate mechanical properties in brazed 17-7 PH 
panels regardless of whether the 1400° F. step 
was retained or eliminated. Without the 90- 
min. treatment at 1400° F., about 2 hr. furnace 
time are saved on each panel. The current 
furnace brazing cycle, which allows adequate 
time above 1400° F., eliminates this step. 


Inspection Is Simplified 


Short cuts in inspecting stainless steel brazed 
panels have come about through improved pro- 
duction tooling and increased reliability. Ex- 
pensive X-ray inspection has been gradually 
reduced by fluoroscopy examination. Over-all 
inspection costs have been reduced since the 
start of the brazing program by almost 10 to 1. 

These are only a few of the cost-saving de- 
vices and methods developed throughout the 
B-58 program. Through such research and 
development work as this, much time and 
money are conserved. In the end, less of our 
taxes go toward nonessentials, and the planes 
for our defense reach the runways sooner. @& 


Fig. 5—Patch Braz- 
ing Unit Repairs Dam- 
aged Honeycomb Skin 
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Prizewinner in 14th Annual A.S.M. 


Metallographic Exhibit 


Welding Stainless 
by Electron Beam 


By C. R. LEHMANN 
and E. G. LITTELL* 


These isTRIGuING MICROSTRUCTURES (reduced from the 
original) were made with one pass of an electron beam. 
No filler material er special joint preparation was used. As 
for preparation, conventional metallographic grinding and 
lapping procedures were followed. Preliminary polishing 
was done with coarse, medium and fine diamond compound, 
and polishing was completed with Linde “B” alumina oxide. 
For the final step, the specimen was etched in dilute superoxol 
(35 ec. HCI, 15 ce. H»Os, mixed into 50 cc. H2O). 

To our knowledge, the structure is unique. From the 
fusion line inward, the dendritic structure is oriented in a 
columnar manner. In the center, equiaxed crystals with a 
more random orientation have formed. An interesting phe- 
nomenon is the sharp dividing line between the weld zone 
and the parent material. The heat-affected zone is virtually 


nonexistent, and the weld is exceptionally clean. S$ 
*Metallographer, Applied Research Operations, and Forming 
: Engineer, Solid Rocket Cases, FPLD Rocket Engine and Test 


Operation, respectively, General Electric Co., Evendale, Ohio. 
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Brazing Ceramics to Metals 


By LEON LERMAN* 


Two methods, the “molybdenum-manganese” and the “active alloy,” 
have been devised for joining ceramics to metals. This article 
describes the characteristics of each method, including formulations 


and test data. (KI 1b, K8) 


Owe oF THE RIGID STANDARDS re- 
quired of equipment used in the nuclear and 
missile fields has been a shift from glass to ce- 
ramics in radio tube assemblies. Ceramics are 
an improvement over glass for several reasons. 
To name a few, they have high bake-out tem- 
peratures, greater strengths, and higher dielec- 
tric properties. Since these advantages seem to 
be the answer to the sterner specifications now 


required in electronic tube industries, manufac- 
turers will undoubtedly use more and more 
ceramic-metal seal assemblies. 

Today, the high-alumina ceramics are the 
most commonly used in ceramic-metal assem- 
blies for service at high temperatures. There 
are many techniques for producing the assem- 
blies, each company having its own variation. 
All methods have one factor in common —a 
need for clean surfaces. Metalized coatings ad- 
here satisfactorily only to clean surfaces; resi- 
due from contaminants may affect the com- 
pleted tube by gassing during exhaust and life; 
and stains from finger prints, grease and the 
like may cause electrical leakage and objection- 
able appearances. As an additional benefit, 
the cleaning chemicals usually roughen the sur- 
face as they clean it; this helps the metalized 
coating cling better. Before being cleaned, 
ceramic parts should be inspected for any flaws 

*Branch Head, Chemistry, Metallurgy and Ce- 
ramics Laboratory, Sylvania Electric Products Inc., 
Mountain View, Calif. The author thanks Walter 
Ludewig, Donald Bradbury, Fred Marinaro and 
Al Ruhrmann, members of the chemistry, metal- 
lurgy and ceramics department of the Mountain 
View Components Laboratory, for their efforts and 
cooperation in the preparation of this paper. 


Fig. 1 — Tensile Test Specimens of Ceramic Being 
Metalized. The metalizing, done either by the 
molybdenum-manganese or the active alloy proc- 
ess, acts as a “glue” for the metal and the ceramic 
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with some sort of a penetrating indicator. 
Fluorescent dyes, for example, can be used to 
locate cracks that are not visible. 


Methods for Metalizing 


At this point, the ceramic is ready to be met- 
alized (see Fig. 1) either by the molybdenum- 
manganeset method, the active alloy method, 
or some variation of either. The most critical 
factor in making a sintered seal occurs in met- 
alizing the ceramic. Various laboratories differ 
as to the most desirable size for the metalizing 
powder — particle sizes ranging from 5 to 90 
microns have been successful. Whatever the 
size used, however, particles should be uni- 
form. Though parts can be sprayed with the 
suspension, most of them are painted. Thick- 
ness of the coat should be 0.001 to 0.002 in. 

The sintering temperature ranges from 1300 
to 1600° C. (2375 to 2900° F.) depending on the 
type of ceramics that are used. It is generally 
believed that the coating should be sintered to 
within about 100° C. (210° F.) of the deforma- 
tion temperature of the ceramic. The metal 
will enter into the structure of some of the 
crystals of the particular ceramic, resulting in 
a good sintered seal. High alumina bodies are 
generally sintered in a range of 1450 to 1600° 
C. (2650 to 2900° F.) depending on the alumina 
content of the body. 


Some Theory 


Previous work has indicated that adherence 
results when metal is heated in contact with a 
ceramic during application of a load; the de- 
gree depends on the composition of the two 
materials. The reactions which occur can be 
divided into three categories: (a) formation of 
a new phase at the interface, (b) corrosion of 
the ceramic by the metal without the formation 
of a new phase, and (c) marked penetration of 
the ceramic grain boundaries. The nature of 
the materials determines the type of furnace 
atmosphere to use for the best wetting and 
adherence. 


tA molybdenum-manganese mix generally con- 
sists of 80 to 90 wt.% of —325 mesh molybdenum 
powder and 20 to 10 wt.% of —325 mesh 99.9% 
pure manganese. Into a 1-qt. ball mill, which is 
filled to one-third of its volume with %-in. flint 
pebbles, add 400 g. of the molybdenum-manganese 
mix plus 106.8 cc. amyl acetate “Purified” Grade, 
plus 53.2 cc. Raffie Swanson No. 5285 lacquer. 
The charged mill is rolled at 70 rpm. for 48 hr.; 
then, the material is removed and stored in clean 
glass bottles on the rolling mill. 
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Table I — Tensile Tests on AL 300 Ceramic 


SinTERING | AVERAGE* 
TEMPERA- | _ si. 
TURE FOR SET 


MATERIAL BRAZED 


0.015-in. copper sandwich 


CuAg eutectic braze at 1550°C. | 15,020(d) 


| 
| 
820° C. “| 
0.015-in. Kovar sandwich 
35-65 AuCu braze at 1550 11,390/(d) 
1025° C. | 
0.008-in. Mo sandwich 
35-65 AuCu braze at 1550 9060/(c) 
1025° C. 
Ceramic to ceramic 
35-65 AuCu braze at 1400 3000/(a) 
1025° C. 1450 
1500 | 6690/a) 
1550 | 5200(6) 
| 1660 7080(a) 
Ceramic to ceramic | 
CuAg eutetic braze at 1400 | 7620(6) 
820° C. 1450 | 7540(e) 
1500 8040/a) 
1550 10,635(d) 
1600 10,280(6) 
Ceramic to ceramic 
CuAg titanium braze at No metal- 6520(a) 
900° C. | izing 
Ceramic to ceramic 
Nickel-titanium braze at | No metal- | 7210(6) 
1020° C. | izing 
Nickel plate, not sintered PP 
| 11,980(d) 


CuAg eutectic braze at 

820° C. | | 

*Initial code indicates average of a number of tests: 
(a) two; (6) three; (c) four; (d) five;(e) seven. 


Certain requirements must be met to produce 
adherence and satisfactory bonds: The ceramic 
should have a eutectic bond which melts at 
300° C. (540° F.) or more below the deforma- 
tion point of the ceramic as a whole and about 
200° C. (360° F.) below the metalizing tem- 
perature; the brazing material should melt be- 
low the melting point of the ceramic’s lowest 
melting eutectic; neither the brazing material, 
nor any alloy formed between it and the metal 
component, should alloy with the metalizing 
metal; the brazing material should flow plas- 
tically under stress before the tensile strength 
of the ceramic is exceeded; last, the furnace 
atmosphere should contain about 0.25% oxygen 
so that a trace of molybdenum oxide forms. 

At the sintering temperature for the metaliz- 
ing material, the molybdenum particles are 
wetted by the liquid eutectic constituent in the 
surface of the ceramic. During cooling, the 


eutectic liquid should solidify complete ‘ly to a 
uniform crystal structure which is free from 
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Fig. 2— Tensile Specimen for 
Testing Ceramic-Metal Bonds 


residual glass so that the molybdenum parti- 
cles are locked within the crystal rather than 
in a glass flux. 

To demonstrate the complexities involved in 
establishing adherence mechanisms, consider 
the reactions occurring as molybdenum-man- 
ganese mixes are heated. At about 800°C. 
(1470° F.) the manganese is completely oxi- 
dized to MnO in a hydrogen atmosphere of 
—85° F. dew point. Next, the MnO agglomer- 
ates and attracts the molybdenum particles at 
around 1000°C. (1830°F.) With the forma- 
tion of spinel (MnAl,O,;) at this temperature, 
there is some solid-phase interaction, but the 
bond between the metal and ceramic is very 
weak. (In fact, the metal is usually rubbed 
off.) The reaction proceeds with continued 
heating to 1200° C. (2200° F.) with an appre- 
ciable amount of liquid forming at the inter- 
face. (The temperature at which this will oc- 
cur will vary with the type of ceramics.) With 
continued heating to 1300°C. (2370°F.) the 
reaction between the MnO and Al,O; pro- 
gresses, and at 1400° C. (2550° F.) the molyb- 
denum particles sinter to form a continuous 
layer. The best bond correlates with the most 
extensive glass development at the ceramic 
metal interface. 

As the composition of the ceramic is changed 
(or the composition of the metalizing metal, 
or the processing conditions), the entire se- 
quence of reactions changes. However, some 
common features seem to hold wherever there 
is adequate adherence. These include: (a) a 
controlled degree of oxidation of the metal, (b) 
chemical reaction between this metal oxide 
and the ceramic to form an interface zone, and 
(c) bonding of metal and ceramic through this 
interface in a graded, continuously coherent 
structure which is physically compatible with 
the ceramic. 
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Copper Sandwich 


CuAg Eutectic Brazed 
Kovar Sandwich 


Molybdenum Sandwich 


Tensile Strength, 100 Psi. 


35-65 Au Cu 
Brazed 


2500 2600 2700 2800 2900 3000 
Sintering Temperature, °F. 


Fig. 3 — Results of Ceramic- 
Metal Bond Tensile Tests 


Much of the difficulty which has arisen in 
attempting to mass produce ceramic-metal sol- 
dered seals has been because of the two-faced 
nature demanded of the metalized coating. It 
must be oxidized on the side being joined to 
the ceramic, yet be metallic on the side to be 
wetted by solder. 

After the molybdenum-manganese is sintered, 
the surface is nickel plated. Then, the ceramics 
are again sintered at 900 to 1065° C. (1650 to 
1950° F.). The ceramic is now ready to be 
assembled to a suitable metal component. 


Factors in Choosing the Metal 


In considering the types of metal to be used, 
it is best to choose a metal which will closely 
match the thermal expansion of the ceramic. 
However, this is not always possible. Even if 
a metal with a similar expansion coefficient 
were used, this in itself would not guarantee 
that there would be no failures due to temper- 
ature changes. To illustrate, during the second 
brazing, there is a temperature gradient be- 
tween the outer metal and the ceramic (due to 
the lower thermal conductivity of the ceramic). 
This would cause the metal to expand away 
from the ceramic, and the resulting tensional 
stresses can produce failure. Therefore, it is 
preferred that the (Continued on p. 134) 
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Producing 
for the New 
Technologies 


Inspecting Jet Engine Parts 
With Eddy Currents 


By R. L. LIPE* 


Periodically, turbine wheels in jet engines have broken, 

resulting in accidents costly in both aircraft and lives. 

The need for a test which can detect defects at the operating base level 
before they cause such failures has been met by the portable 

eddy current tester described in this article. (S13h, Q3q, T7h) 


Iw 4 PAPER PRESENTED at the 18th Annual 
Meeting of the Society for Nondestructive Test- 
ing, Maj. Gen. Joseph D. Caldara made the 
emphatic statement, “. . . an area which has 
been most perplexing and troublesome is with 
the turbine wheel of the engine”. Experience 
in the Air Force has certainly shown this to be 
true; various failures at critical moments have 
caused the loss of aircraft, lives, and vast funds. 
Subsequent investigations showed that, in one 
type of engine, failures were of the serration 
type —a small chunk (or chunks) broke loose 
in the blade retention area. In another engine, 
turbine wheels failed in a segmented manner 
—a large section of the wheel broke away. 
These failures have been attributed to higher 
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than normal thermal cycling, intergranular oxi- 
dation in the bottom of broached areas and 
lowest serrations, and inclusions found through- 
out the failed areas. Such defects can initiate 
stress-rupture cracks which eventually progress 
into a serration or chunk breakout failure. 

In these engines, then, the problem is to find 
the cracks before they cause failure. Until re- 
cently, we have employed fluorescent pene- 
trant methods for this work, but have found 
them to be limited in some respects. (As an 
example, if a crack is covered with flowed metal 
or filled with oxide, it cannot usually be de- 
tected.) Because of this drawback, we have 


*Service Engineering Div., Oklahoma City Air 
Materiel Area, Tinker Air Force Base, Okla. 


129 


| 
‘ 


been experimenting with other nondestructive 
tests, notably a portable tester* which employs 
eddy currents. After much work, we feel we 
have devised an adequate instrument for de- 
tecting cracks underlying paint, oxides, em- 
bedded inclusion, and flowed metal. 


Details of the Instrument 


Theoretically, eddy current testers operate 
through the “similarity” law, which states: 
“Geometrically similar discontinuities (such as 
cracks with specific depth and width measured 
in percentage of material thickness) will pro- 
duce the same eddy current effects and the 
same variation of the effective permeability if 
the ratio of the test frequency to the limit fre- 
quency is the same.” In practical instruments, 
various methods are used to suppress undesired 
effects. This is essential because effects caused 
by dimensional changes and “lift-off” are fre- 
quently much larger than those produced by 
cracks. To cancel out these unwanted signals 
the “antiresonant test system”t is employed. 


*A Magnetest ED-500, modified to detect 
cracks without interference from extraneous im- 
pressions. The instrument was designed as a 
“go-no-go” gage with minimum adjustment for 
frequency selection and lift-off compensation. 


tU.S. Patent No. 2,939,073. 


The instrument uses an arrangement of a 
self-excited oscillator operating at 200 ke. which 
is inductively coupled to a half-wave bridge. 
An antiresonant circuit, consisting of the probe, 
forms one leg of the bridge. A variable resis- 
tive leg, two fixed resistive legs, and a sensitive 
meter are the remaining parts of the bridge. 
This system permits an undesired factor to be 
completely suppressed in the impedance plane. 

Under normal operating conditions, the oscil- 
lator is fixed at a frequency higher than the 
material resonant frequency of the antiresonant 
probe. This unique setting provides a coinci- 
dence of two resonant conditions for the probe 
placed on the metal and at some distance (0.006 
to 0.008 in.) away. In this way, effects of rough 
oxide or dirt-covered surfaces may be sup- 
pressed and parts can be inspected directly. 

Compensating for these undesired effects has 
a strange consequence. When the test coil is 
placed on the specific part or removed entirely, 
the needle does not flicker at all. As soon as 
a crack is present in the metal below the test 
coil, however, an indication is obtained. Thus, 
the test coil can be moved rapidly and without 
special care over the surface of a metal. 

After devising this new instrument, we tested 
it thoroughly, comparing its findings with those 
from fluorescent penetrant tests. Method, tech- 
nique and instrumentation were all tried under 
every known condition which might produce 
incipient failures. 

A scrutiny of recorded data would be re- 
quired to fully realize the potential of this new 


Fig. 1 —(Left) Broken Turbine Wheel Showing 
Breakout in Blade Retention Area. (Right) The 
zone next to failed area shows progression of 
fatigue crack across bottom of “Christmas tree” 
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device. However, as one example of its values, 
it revealed a severe crack in a serration of a 
turbine wheel. Though fluorescent penetrants 
had not revealed this defect, metallographic 
study showed oxidation had filled the crack 
which had only recently grown from inter- 
granular oxidation. 

These successful laboratory studies prompted 
service tests which were used to develop the 
instrument’s simplicity and “go-no-go” charac- 
teristics. In most instances, eddy current tests 
of numerous turbine wheels correlated with 
fluorescent penetrant tests. However, there 
were also occasions where wheels had been 
condemned unjustly by the penetrant method 
(penetrant indications of cracks were actually 
caused by lines of pits due to intergranular oxi- 
dation). When the eddy current instrument 
indicated the wheel to be free of cracks, metal- 
lurgical analysis proved that the wheel con- 
tained only varying degrees of intergranular 
oxidation. There was no apparent evidence of 
rapid progression, and above all, no cracks. 


Some of the Problems 


In devising this unit, one question of concern 
was, “What would result if foreign metal were 
embedded in the part just over the crack where 
it reaches the surface?” First of all, the cracks 
are generally about 34 in. long, 0.020 in. deep 
and 0.0012 in. wide. We found that even 
though the crack was completely covered by 
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Fig. 2 — Oxide-Filled Cracks (Left) and Inter- 
granular Cracks (Right) Can be Detected by 
Eddy Current Tests. (Left) Etchant: none: 
500 x. (Right) Etchant: 92% HCl, 5% H.SO,, 
3% HNO, (modified Tucker's etch); 200 x 
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flowed metal (due to machining), crack detec- 
tion was not affected. 

Another problem area was probe wear, but 
this has been minimized by selecting the proper 
material and covering the coil. Also of concern 
was the possibility that the instrument might 
give variable results over a long period of time. 
Consequently, two check points (for standardi- 
zation and compensation) have been provided 
within the instrument to insure proper opera- 
tion. Now, the only service normally required 
will be an occasional tube or fuse replacement. 

All in all, this newly developed eddy current 
instrument is considered to be a reliable tool 
and a feasible method for inspecting turbojet 
engine parts at both field and overhaul levels. 
This device will indicate cracks which can 
cause turbine failures even though they are 
covered over by layers of dirt, oxide, and the 
like. It will also detect the presence of inter- 
granular oxidation. And as a final advantage, 
the versatility of the method, instrument and 
technique enables us to check various parts of 
several types of engines by designing a suitable 
probe and establishing requirements for detect- 
ing specific incipient failure flaws. ] 
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Short Runs 


Forming Corrugations 
to Close Tolerances 


at BOEING AIRPLANE Co. have 
developed a new system for forming close- 
tolerance corrugations. The machine which 
they have designed and built virtually elimi- 
nates the drawbacks associated with conven- 
tional methods. Since the machine, which 
processes sheet 36 in. wide, is completely ad- 
justable to change height, spacing and angular- 
ity, it is possible to form a variety of materials, 
gages, or part configurations with the same set 
of tools. After settings have been established, 
the machine can reproduce bends within 
+0.005 in. tolerance time after time. 

Featuring a clamping and folding method of 
forming (instead of the conventional drawing 
and bending), the machine makes pleats one at 
a time. Figure 1 illustrates the three major 
actions of the forming cycle. In Fig. 1 (left), 


*Manufacturing Development Engineer, Aero- 
Space Div., Boeing Airplane Co., Seattle, Wash. 
The work described here was performed under 
Contract AF 33(600)39542 sponsored by the Manu- 
facturing Methods Branch of the Air Materiel 
Command Aeronautical Systems Center. 


By ARTHUR MOREFIELD* 


the machine has indexed and clamped the exact 
amount of material required to form one cor- 
rugation. Components C and E index and 
clamp the material in relation to the previous 
bend, while D and F pull the material taut 
before clamping. Spacing between C and D 
is controlled by adjustable stops. 

Figure 1 (center) illustrates the next major 
step. Punches A and B have sandwiched the 
material and folded it between dies C and D. 
As punch A moves to force B down, C and D 
move inward to predetermined index points. 
These points can be (Continued on p. 134) 


Fig. 1 —(Left) Forming Corrugations in Alloy 
Sheet. Dies E and C clamp to form the pleat 
while F and D pull the sheet taut. Arrows in- 
dicate die motions. This is the first major step 
in the forming process. (Center) In the next 
forming step, dies A and B move down to 
form the next corrugation, and F and D move 
toward E and C. (Right) When the corrugation 
has been formed, the dies release the sheet, 
and F, which contains a vacuum chuck, moves 
the sheet forward a specified amount. All steps 
are repeated for each successive corrugation 
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with a 300 Ib. load, 


Ipsen VFC-300 
Automatic Vacuum 
Heat-Treating Unit. 


For complete data and specifications, 
Write Ipsen — or contact your nearest Ipsen representative. 


AUTOMATIC 


INDUSTRIES, INC. * DEPT. 723 © P.O. BOX 500 ROCKFORD, ILLINOIS 


HEAT TREATING UNITS 
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” Fast Cool....2100° to 500° in 14 minutes! 
Ipsen 
| 
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fom THe 
DIAMONDS-~—siGn 
OF FINISHING 


MM, corrosion 
iprotection 


on Aluminum, Magnesium and Zinc-plated parts 


with 


CHROMATE CONVERSION COATINGS 
and 


SIRILAC 
CLEAR PROTECTIVE COATINGS 


Here’s a fast, easy way to practically 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of 
Irilac. You give parts extra protec- 
tion from corrosive conditions, 
added abrasion resistance, longer 
shelf or storage life, protection from 
finger marking and increased beauty 
for a more attractive appearance 
and faster sales. 


ON ALUMINUM—An Iridite-Irilac fin- 
ish provides long life under many 
service conditions. Iridite colors 
range from natural aluminum to 
golden yellow. Additional dyes give 
other color ranges. 


ON MAGNESIUM—Irilac over Iridite 
15 increases protection, resists 
damage from handling or abrasion. 
Color range—light to dark brown. 

ON ZINC—Iridite plus Irilac gives 
longer product life, brighter ap- 
pearance. Color range—clear Iridite 
to olive drab, plus colored dyes. 


IRIDITE—chromate conversion coatings for non-ferrous metals applied by dip, brush 
or spray, at room temperatures manually or with aut quip t. Provides 
corrosion resistance, a base for paint or decorative appearance. Forms a thin film 


integral with the metal. Cannot chip, flake or peel. No special equip A 
systems or specially trained personnel required. 

IRILAC—Clear protective coatings for all metals. Safe and easy to handle as water. 
Apply by dip or brush. No exhaust or special fire prevention equipment required. 
Adds protection and abrasion resistance to base metals, plated ports or ports 
treated with electrolytic or chemical post treatments without chemical change. 


= 


For complete technical information on IRIDITE or 
IRILAC coatings, write for FREE TECHNICAL MANUAL. 
Or, see your Allied Engineer. He's listed under “Piat- 
ing Supplies” in the yellow pages. 


> Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET « BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Coost Licensee for Process Chemicals: |. Butcher Co. 

Agent Sture Gronberger Siorgaton 10. Stockholm, Sweden 

Chemical ond Electrochemical Processes, Anodes, Rectifrers, Equipment ond Supple: for Metal Finishing 


Chromotes Coatings Brighteners Supplies Equipment 
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Corrugations . . . 
(Continued from p. 132) 


adjusted to allow for spring-back 
variations in different materials. 
Travels of A and B are also con- 
trolled by adjustable stops. 

Figure 1 (right) shows the com- 
pleted corrugation. Index clamp E 
and punch A have been retracted 
and punch B has ejected the part. 
Clamp bar F, which is equipped 
with a vacuum chuck, has advanced 
the part before indexing it for the 
next cycle. 

A complete forming cycle consists 
of 17 actions, and requires about 35 
sec. to complete. At present, it is 
controlled by a rotary selector 
switch, but the whole system could 
be adapted to automatic operation. 

The corrugation-forming machine 
has successfully formed Type 321 
steel, René 41, Hastelloy “X”, HS-25 
and M-252 to extremely close toler- 
ances. Each of these alloys has a 
different forming characteristic and 
also differs in spring back; however 
the same configuration was fabri- 
cated in each by making slight com- 
pensations in the adjustable stops. 
With conventional forming methods, 
a tool would be required for each 
material. 

When compared to brake form- 
ing, tolerances that can be main- 
tained are about five or six times 
closer, and forming is four times as 
fast. Index holes, which are re- 
quired for close tolerance brake 
forming, are not needed. 

Matched die forming is probably 
twice as fast, but the tolerance that 
can be maintained is only about one- 
third as close. Flat areas, or tops of 
the corrugations, are crowned be- 
cause the material is drawn over the 
punch before the bends are set with 
a matched die. The corrugation 
machine, however, firmly clamps the 
flat area before the forming cycle 
starts and and maintains this pres- 
sure throughout the cycle, thus pro- 
ducing a corrugation with flat tops 
and no die curl or galling marks. @ 


Brazing Ceramics ... 
(Continued from p. 128) 


metal ring outside the ceramic cyl- 


inder should expand more than 
the ceramic, while a metal member 
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Shaker Hearth Furnace, 
with a production 
capacity of 800 Ibs. per hour. 


a 
MODEL 238-A 
Shaker Hearth Furnace, 
with a production capacity of 
approximately 
150 Ibs. per hour. 


VERSATILE Complete atmosphere control EFFICIENT No conveyor to drag heat from 
for heat treating from pen points to forgings, furnace ... A CONTINUOUS FURNACE 
IN THE SAME FURNACE. for automatic or manual feeding. 


SIMPLE Complicated maintenance problems FULL MUFFLE CONSTRUCTION Pro- 
are eliminated by the unique method of vides exact control of processing atmos- 
work conveyance .. . A reciprocating hearth phere . . . Many small burners, in multiple 
plus a simple mechanical drive. control zones, heat the muffle uniformly. 


Shaker Hearths are available with capacities from 25 lbs. per hour to 800 Ibs. per hour. 


Send for complete data and specification * * 
sheets on these and all of the other many TY : 

“QUALITY BUILT” AGF furnaces for all specific Sy os 100@ LAFAYETTE STREET — ELIZABETH 4. N J 

and diversified uses. 
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Got Any Use for Gold? 


ARLINGTON, VA. 


As pointed out in the item of the 
above title in December's Metal 
Progress (p. 68), gold’s possibilities 
have been neglected from the stand- 
point of its alloying effect in minor 
percentages. In addition, there are 
doubtless many industrial applica- 
tions where gold would be econom- 
ically justified if one took into 
account its very high scrap value, 
since the cost of using it would be 
principally the interest on the in- 
vestment. 

However, the published note is 
misleading in its implications as to 
uselessness and as to effect of new 
uses on the cost. 

Actually, gold has a unique com- 
bination of properties in the pure 
state — malleability, ductility, im- 
pact resistance, fatigue resistance 
and corrosion resistance. Further- 
more, gold-base alloys are available 
with a wide range of properties. In 
short, gold is probably the most all- 
around useful metal known to man. 
This, in combination with its scarc- 
ity, is what makes it valuable, and 
its intrinsic value in turn is what 
makes it useful as the international 
basis of exchange. 

Discovery of new technical uses 
cannot change the price of gold; 
this is fixed by Government mone- 
tary authorities. One can buy all the 
gold he needs for industrial purposes 
at the government price, so he would 
not bid higher in any market. The 
gold miner, on the other hand, can 
always sell his gold to the Govern- 
ment at the fixed price. The gold 


136 


miner works the veins and the de- 
posits justified by the going price of 
labor, materials, and capital in rela- 
tion to the price of gold. If there 
is inflation, he must reduce his gold 
production because his costs increase 
and he can afford to work only the 
richest deposits. Conversely, dur- 
ing deflation he can and does in- 
crease production. 

The price of gold is bid up only 
by people who are not eligible to 
purchase it for industrial or other 
business uses, and when there is fear 
of currency devaluation. In effect, 
they must buy from speculators who 
really decide what the currency is 
worth, rather than what the gold 
is worth. 

It might well be that new tech- 
nical uses for gold will be discov- 
ered through the very commendable 
Canadian program. But they will 
be evaluated on the basis of the 
going monetary price of gold at the 
time, just as they are now. 

R. Carson DALZELL 


Odd Structure 


in Tungsten 


MENLO Park, CALIF. 


In calibrating the temperature of 
a reactor to study the behavior of 
tungsten in the various components 
of solid-rocket propellant exhaust 
at high temperatures, we used the 
melting point of various metals for 
temperature determination. In_ this 
particular instance, a strip of pure 
tungsten was being run in pure 
nitrogen at 100 psi. pressure at an un- 


corrected pyrometer reading of 3000° 
C. (5400° F). After 1 min., the tung- 
sten strip melted; the micrograph 
above (taken by W. C. Mitchell 
at 250 x) pictures the tungsten sur- 
face near the point of failure. 
Whether this particular crystal struc- 
ture is the result of melting and sub- 
sequent solidification or is some sort 
of a thermal etch, we do not know. 
It would be interesting to see what 
the experts have to say about it. 
R. H. THrrELEMANN 
Chairman 


Dept. of Metallurgy 
Stanford Research Institute 
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Re-draw die uses 36 pieces of 
water-hardening tool steel 


This large re-draw die shapes an in- 
tricate rear floor pan, made of sheet 
steel, for an American-made automo- 
bile. The die contains 36 pieces of 
Bethlehem carbon tool steel which 
serve as wear plates, inserts, keeper 
blocks, and insert plugs. The 17-ton 
die was produced in the shop of Mod- 
ern Die & Tool Co., Utiea, Mich. 

The wear plates and inserts were 
hardened to Rockwell C 58-60; the 
keeper blocks and insert plugs to 
Rockwell C 50-52. The die maker 
liked the die for its easy machin- 
ability and ease of heat-treatment; 
the automotive manufacturer liked 
its resistance to wear and shock, and 
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superior weldability when changes 
were required. 

Due to their controlled hardena- 
bility, Bethlehem carbon water-hard- 
ening tool steels are ideal for 
applications calling for high shoek- 
resistance. They are also resistant to 
wear, and have the toughness to with- 
stand cold battering. 

Your Bethlehem tool steel distrib- 
utor can help you to find out how 
good a job Bethlehem carbon water- 
hardening tool steel can do. And 
he ean give you good advice on the 
selection of other fine Bethlehem 
tool steels. Give him a call now! 
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BETHLEHEM TOOL STEEL 


ENGINEER SAYS: 
‘*Touchy’’ Tools Should Be 
Ground On Edge of the 
Grinding Wheel 


A choice of grinding methods is often 
available on many types of tools. 
They can be ground either on the side 
(face) of a grinding wheel in order 
to cover the whole area to be ground ; 
or they can be ground on the edge 
(OD) of the wheel by traversing a 
number of parallel paths to cover the 
area selected for grinding. 

Where the tools to be ground are 
exceptionally high in hardness, or 
if they are made of wear-resisting 
steels, or if there is a history of sen- 
sitivity to grinding cracks, edge- 
grinding is definitely best. The use of 
a grinding fluid for effective cooling 
is also essential. 

By grinding on the edge of a grind- 
ing wheel, only a small area of the 
wheel is in contact with the tool at 
any moment. This permits more effee- 
tive cooling action of the grinding 
fluid than when a large area of the 
wheel contacts the tool. 


Cromo-High V (H-13) 
/deal for Die Casters 
Die casters everywhere are getting 
fine results from Bethlehem Cromo- 
High V (H-13) tool steel. This 5 pet 
chrome-moly hot-work grade is fur- 
nished with 1 pet vanadium, and has 
all the features for good die-casting 
dies. Cromo-High V has good resist- 
ance to wash and erosion, and is 
plenty tough. It comes uniformly 
annealed for easy machinability. In 
addition, Cromo-High V has good 
center density and grain refinement, 

and resistance to heat-checking. 
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The 


Complete Line 


Most 


PYROCON’ 


for Production 


Read temperature 
in 3 to 5 seconds. On 
stationary surfaces, 
moving strip steel, 
revolving rolls, dies, 
depth temperatures 
of soft materials 
such as rubber, plas- 
tics, etc. Ten types 
of standard thermo- 
couple tips available. 
Eight temperature 
ranges 0-300° F. to 
0-1600° F. Price 
$125.00 with case. 


covering an 
unusual range of 
temperatures 


PYROMETER’ Model 2300 


A low temperature reading instrument of extreme 
accuracy with a range of -40° F. to 200° F. The double 
range mirrored scale with hair line pointer makes easy 
reading of 1° F. throughout the entire range. Six 
thermocouple types are available including surface, 
needle and air temperature. Price $160.00 without 
thermocouple. All thermocouples $35.00 each. 
Write for Bulletin 2146-C 


Production and Laboratory Pyrometers 


THERMOCON’ Model 4200 


for Laboratory use 
Eight standard ranges 0-300°F.to 
0-1600°F.. Also available in equiv- 
alent centrigrade graduations. 


The detachable flexible arm 
with a wide variety of easil 
attached thermocouples will 
indicate temperatures of sta- 
tionary surfaces, revolv- 
ing rolls or moving strips, 
fluids (molten metals, oil, 
etc.), semi-solids such as 
plastics, rubber, waxes, 
grease, etc. 

Price $145.00 without Bulletin 4257 covers 
thermocouple. both the Thermocon and Pyrocon 


A wide variety of thermocouples 
For use with the Pyrocon and Thermocon 4200 


Type 4040 shielded, for surface temperatures. 
Type 4030 same as 4040 but not shielded. 


Type 4060 shielded gold disc thermal pick up, 
recommended for temperatures between 800° F. 
and 1200° F. 


Type 4050, same as 4060 except not shielded. 
Type 4090 for revolving rolls. 


Type 4080 to be used when length of No. 4090 is 
objectionable. 


Type 4130 for non-corrosive fluids, air and gas. 


Type 4190 has stainless steel protective tube en- 
closing thermocouple. Used for molten metals. 


Type 4230 needle thermocouple for semi-solids 
rubber, waxes, grease, etc., 4%" dia. 


Type 4120 needle thermocouple Ms" dia. 


Prices range from $9.00 each to $30.00 each. 


ALNOR INSTRUMENT CoO. 
Division of Illinois Testing Laboratories, Inc. 
Room 523, 420 N. LaSalle St., Chicago 10, Illinois 
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Brazing Ceramics . . . 


sealed inside a ceramic should have 
a lower expansion. 


“Active Alloy” Process 


Another method that is used in 
making ceramic metal seal assem- 
blies is the “active alloy” process*, 
a method of metalizing ceramics 
which does not require the high 
temperatures of the  sintered-seal 
process. The term “active alloy” 
covers several processes which em- 
ploy titanium and zirconium. (Each 
metal has great affinity for oxygen 
and can also enter into solid solu- 
tions with a number of metals and 
suboxides.) As ceramics, oxides of 
titanium and zirconium are highly 
refractory. Since ceramics in gen- 
eral consist of a number of different 
oxides, it is plausible that titanium 
and zirconium will, under the proper 
conditions, reduce some of the 
ceramic oxides and combine with 
the released oxygen as long as active 
gases are not .present. Thus, to 
make the desired joint, put titanium 
(or zirconium) in contact with two 
abutting ceramic surfaces, or in 
contact with a ceramic part and a 
metal part. 

Since oxygen from the surround- 
ing atmosphere must be excluded, 
active alloy seals must be made 
either in high vacuum or in an at- 
mosphere of very pure hydrogen, 
argon, or helium. Both the active 
metals and the gases used for pro- 
tection should be very pure. An- 
other caution — if the brazing oper- 
ation is performed in a vacuum at 
such temperatures that the carbon- 
ates in an oxide-coated cathode de- 
compose, enough CO, can be 
released to form titanium carbide 
rather than the desirable compounds 
necessary for establishing a satis- 
factory seal. 

Frequently, the active metal is 
applied as a hydride. A paint is 
made (by mixing the powder with 
a nitrocellulose lacquer) and applied 
to the ceramic in a thin, uniform 
layer, either by brushing or spray- 
ing. When the assembled parts are 
heated to about 900° C. (1650° F.), 
the hydride dissociates, leaving a 


*For a more thorough description 
see Chapter 14 of “Materials and 
Techniques for Electron Tubes’, by 
W. H. Kohl, Reinhold Publishing 
Corp., New York, 1960. 
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Hi-speed steels hardened 50% faster 
in salt bath only 9” x 7/2” x 30” 


One high-speed Ajax furnace occupying lit- 
tle more space than a desk enables Benedict- 
Miller, Inc., to harden fine steels in 50% to 
75% less time than with a previous atmosphere 
furnace. T-type high-speed steels are handled 
readily. Decarburization and distortion are held 
to negligible minimums. 


Write for Ajax Tips & Trends, Vol. 12, 
No. 2 for complete story 


Grinding costs cut 50% on 
ultra-precise bearings 


Greatly reduced distortion inherent in Ajax 
martempering has reduced finish grinding on 
precision ball thrust bearings for machine tools 
up to 50% for the Andrews Bearing Company. 
Maximum precision is assured. A single opera- 
tor handles all heat treating operations in the 
compact salt bath installation shown above. 


Write for Salt Bath Tips & Trends, 
Vol. 13, No. 2 as 


SALT 
BATH 


TGREN 


Internally heated electric and gas‘fred 


FURNACES 


don't have to be big, costly or mechanized to bring 


you important product improvements and savings 


“Liquid Flame” treating cuts gear and 
sprocket hardening costs 75% 


Labor costs were cut 50% and rejects prac- 
tically eliminated by Chain Belt Company's 
spin-heat, spin-quench martempering method 
for gears and sprockets from 8” to 40” in diam- 
eter. Any required hardness pattern is readily 
obtained with penetration of %” beyond the 
root diameter. Soft spots are eliminated. 


Write for Sait Bath Tips & Trends, 
Vol. 13, No. 1 for full details. 


$37,000 heat treating saving 
the first eight months 


A 65KW Ajax salt bath with oil quench han- 
dies all heat treating for G. H. Leland, Inc. Work 
includes carburizing; simultaneous carburizing 
and brazing; brazing, and hardening over 500 
different stampings and machined parts. Savings 
were $37,000 the first 8 months after deducting 
operating costs and equipment depreciation. 


Write for Tips & Trends, Vol. 11 
No. 1 for details. - 


AJAX ELECTRIC COMPANY 


910 Frankford Ave.. 


Philodelphia 23, Pa, 


4 


| 
EON 
| 
Salt Bath Furnaces 
a tel = 
MARCH 1961 Circle 1160 on Page 46-8 139 


AT CARBORUNDUM... 


Accuracy and Instantaneous Control Response 
with w&cC BATCH-WEIGHING SYSTEMS 


Critical formulation standards are 
maintained at lower cost since Carbo- 
rundum Company has _ introduced 
automatic batching of ingredients at 
their Perth Amboy, N. J. refrac- 
tories manufacturing plant. The new 
automatic system—designed with 
W & C pre-engineered and laboratory- 
tested “building block”” components— 
has greatly increased production, re- 
duced labor costs, and decidedly im- 
proved the accuracy of batch weight 
control. 


Chief reason for the accuracy of W & C 
Batch-Weighing Systems is the pat- 
ented Uniforce flexural frame used in 
supporting both weigh-hoppers and 
weight transmitters. These unique flex- 
ural frames ensure accurate weighing 
under all load conditions, resolve every 
force and moment into a single vertical 
component applied to the load 
transducer. 


WRITE FOR BULLETINS / 


CONVEYOR CONSTANT-FEED 
SCALE SYSTEM WEIGH-HOPPER SYSTEMS 


Immediate response to control ma- 
terial flow in any batching operation is 
provided by the W & C Pneumatic 
Weight Transmitter, a force-balance 
instrument delivering a highly repro- 
ducible, (1 part in 2000)almost instanta- 
neous signal directly proportional to net 
weight. No possibility of overshooting 
specified ingredient quantities. Practi- 
cally no maintenance, compared with 
mechanical systems. The W & C scale 
is dynamically faster than a beam-and- 
balance or flexural beam system... 
W & C uses air, has no inertial mass to 
overcome . . . comes into balance 
sooner than a mechanical system. 


For consistently accurate reproduction 
of bulk material formulations in any 
batching operation—single ingredient 
weighing to sequential multi-ingredient 
proportioning—you can depend 
on W &C. 


Bulletin 30 fully describes W & C Batch - Weighing Systems 
Bulletin 14 describes other W & C Automatic Weighing Systems 


wc 100 


CHECK-WEIGHING 
SYSTEMS CONTROL PANELS 


See "page 644 Chemical Engineering Catalog for list of representatives 
. 
Weighing & Controls, Inc. 


Subsidiary of CompuDyne Corporation 
Industrial Park, E. County Line Road, Hatboro 10, Pa. 
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residue of pure metal on the ceramic. 
This metal then alloys with the metal 
next to it, and also enters into a 
chemical reaction with the ceramic 
constituents. Thus, a tight bond is 
formed. Instead of painting the 
ceramic surface with titanium hy- 
dride, a thin washer of titanium can 
be interposed between the two 
ceramic parts, or between the ce- 
ramic and the metal part. One 
drawback to this method is that 
titanium melts at 1710°C. (3110° 
F.), a rather high temperature. 
However, by placing another lower- 
melting metal —silver, copper or 
nickel — in contact with the titanium, 
the seal can be produced at a much 
lower temperature. 

Although these and other varia- 
tions of the active alloy method have 
been successful, there are conflict- 
ing opinions as to its merits. It is 
very convenient since a complete 
series of assemblies can be made in 
one brazing operation, but the in- 
herent characteristics of the end 
seal material may create some ob- 
stacles. Although titanium in the 
unalloyed state is soft and ductile 
like most pure metals, its physical 
properties change rapidly with ad- 
ditions of small amounts of alloying 
elements such as molybdenum, va- 
nadium, manganese, chromium, iron, 
nickel, copper and aluminum. 


Some Test Results 


We have recently completed some 
preliminary tensile strength tests of 
a ceramic-to-ceramic assembly and a 
ceramic-to-metal-to-ceramic assem- 
bly in which the sintering tempera- 
ture of the molybdenum-manganese 
was varied. For tensile testing, we 
used the standard A.S.T.M. test 
pieces as recommended by Commit- 
tee F-1, Subcommittee V, Section 
D. (Figure 2 illustrates a typical 
specimen.) The ceramic material 
was AL 300, 97% alumina, manu- 
factured by Western Gold and Plat- 
inum Co. From the very sketchy 
number of pieces that we ran 
(Table I, p. 127), it appears that 
the tensile strength increases with 
the increase of sintering tempera- 
ture. Another interesting feature is 
that the ductility of the sandwich 
material is apparently important. 
This is evident from the very high 
average reading for copper, the very 
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GENERATORS 


| KEMP INERT GAS GENERATOR > 


—for working non-ferrous metals. Produces inert 
gases for use at low or high pressure, desiccated 
or unprocessed. Kemp gives you low-cost gas 
generation, completely automatic operation. Pre- 
mixing in exclusive Kemp Carburetor and con- 
stant analysis assures highest thermal efficiency. 


& 2 KEMP ATMOS GAS GENERATOR 


—for working low-carbon steels. For gases low 
in carbon dioxide. As in all Kemp Gas Genera- 
tors, test burner permits checking for proper 
combustion characteristics before igniting burn- 
ers. Another safety feature : automatic fire-checks 
guard against flashback. 


3 KEMP NITROGEN GENERATOR » 
—for working high-carbon steels. Completely 
eliminates CO2 from gas, produces 99+ nitro- 
gen. Features the easy start-up typical of all 
Kemp Generators. Vernier dial can be locked in 
position to maintain exact fuel-air ratio without 
further control manipulation. 

The Kemp representative in your area 
can advise you on the type and size of 
generator to best solve your problem. 
Talk to him or write: The C. M. Kemp 
Manufacturing Company, 405 E. Oliver 
St., Baltimore 2, Maryland. 


It always pays 
to come to 


OF BALTIMORE 
THE C. M. KEMP 


MANUFACTURING COMPANY 
405 €. Oliver St., Baltimore 2, Md. 
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NEW... 


PYRO-EYE* 


Two-Color 
Optical Pyrometer 
provides 


fully automatic temperature measurement, record- 
ing and control in the ranges from 750°C to 2500°C 
and 1400°F to 4500°F, 


Pyro-Eye is designed for in-plant and laboratory 
temperature measurement of incandescent molten 
metal, glass, ceramics, billets, rods, sheets, refrac- 
tories and many other high temperature applications. 


Continuous, automatic measurement and control of 
high temperatures is now possible because Pyro-Eye 
provides a high degree of repeatability and accuracy. 


Pyro-Eye is accurate because it is relatively unaffected 
by unknown or variable emissivity. It measures tem- 
perature as a function of spectral characteristics ... 
not as a function of total radiation. 


*Trade Mark of Instrument Development Laboratories, Inc. 


VISIT BOOTH 1159, PAN PACIFIC AUDITORIUM 
LOS ANGELES WESTERN METAL EXPOSITION, MARCH 20-24 
or write for brochure. 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of ROYAL McBEE 


67 MECHANIC STREET, ATTLEBORO, MASS., U.S. A. 
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low reading for molybdenum and 
the mid-point for Kovar. As for the 
active alloys, their average values 
are below those of the molybdenum- 
manganese assemblies. However, 
many more assemblies will have to 
be tested before we can establish 
conclusive data. 

In conclusion, it is well to remem- 
ber that the art of metalizing ce- 
ramics with gold, silver or platinum 
is centuries old. The past 30 years 
have seen that art grow into a sci- 
ence. Great strides have been made 
by researchers in this field, and our 
present theories and techniques are 
a result of their scientific endeavors. 
Yet, there is still much that can be 
done. The coming years will see 
even greater advances. 
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(Continued from p. 113) 


to eliminate the need for conven- 
tional bulky and costly welding 
fixtures. This is accomplished by 
machining self-aligning edges for 
the head-to-shell welds. Mating 
chevron configurations machined at 
the root of a deep, narrow weld 
groove fit together, aligning the 
parts perfectly for welding. 

Welds in the helium tank are 
made by the mechanized tungsten- 
arc inert-gas process, using helium 
to shield the top bead and argon to 
protect the weld underbead. Argon 
is fed through a hollow tube to a 
curved metal cup directly beneath 
the weld puddle to protect the un- 
derbead of the head-to-shell girth 
welds. As the tank rotates beneath 
the welding arc, this cup remains 
stationary, thoroughly flooding the 
underbead with argon in the imme- 
diate area being welded. When the 
final closeout girth weld is com- 
pleted, the argon tube and cup as- 
sembly can be collapsed and re- : 
moved from the tank through the 
outlet fitting hole. Weld under- 
beads protected in this manner with 
argon flowing in at 40 cu.ft. per hr. 
are cleaner and brighter than those 
protected by up to 350 cu-ft. per 
hr. of helium. 

Helium tank welds made with 
17-7 PH stainless steel filler wire 
frequently developed “hot cracks”. 
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outstanding performance by ’ 


Superior 


STAINLESS STRIP STEEL 


Superior Stainless, chosen for exacting applications by Edwin L. 
Wiegand Company, Pittsburgh, Pa., serves this leading manufac- 
turer of domestic and industrial heating units with every desired 
advantage. Corrosion resistance, strength, uniform ease of fabrica- 
tion and surface finishing are matched with dependable Superior 
service the year around. @ Call us for technical assistance and quo- 
tations on your own stainless strip applications without obligation. 


SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweid Stee! internctiona! Company, New York 


Which pre-paint phosphate coating is best for you? 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE + OVER 250 SERVICE MEN + OVER 160 MATERIALS 


Undercoat of Oakite CRYSCOAT 
adds to the looks and life of finishes 


From toys to tractors, painted metal products look better and 
last longer with Oakite CrysCoat under the paint. 

CrysCoating—the conversion of a steel surface to a phosphate 
surface—creates a perfect base for paint adhesion. Paint goes 
on in a smooth, serviceable coat. Once on, it stays on. 

At the same time, a CrysCoated surface prevents the forma- 
tion of rust ... even prevents rust spreading from a deep scratch. 
Both metal and paint are safeguarded. The product looks better, 
lasts longer. 

Oakite has a CrysCoat process to fit every requirement—for 
iron phosphate or zinc phosphate coatings, for spray washer or 
for tanks. Is your particular problem one of economy? Dura- 
bility? Production bottle-neck? For a helpful answer, ask your 
local Oakite man. Or write for details to Oakite Products, Inc., 
26H Rector Street, New York 6, N. Y. 


it PAYS to ask Oakite 


OAKITE. 
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A program undertaken to solve this 
problem resulted in the use of 13 
Cr, 9 Ni corrosion resistant steel 
filler wire. This wire, introduced 
into the joint with the stringer-pass 
technique, has consistently produced 
high-quality tank welds. It does re- 
quire, however, that tanks be re- 
frigerated during the heat treatment 
cycle to develop the necessary me- 
chanical properties. 

The boost fuel tank which is 
mated to the helium tank is made 
up primarily of rolled and welded 
shell sections and an aft head as- 
sembly. Inserted in the shell sec- 
tions are longitudinal patches with 
fitting bosses welded in place. The 
aft head of the boost fuel tank is 
conical in shape and is formed by 
power spinning a heavy 17-7 PH 
steel blank over a hardened mandrel. 
Components of the boost fuel tank 
are joined by square butt welds. 

After both tanks have been heat 
treated, the aft skirt of the helium 
vessel is welded to the forward, open 
end of the boost fuel tank. A com- 
plete heli-fuel tank is shown in 
Fig. 6 on p. 112. 

The 17-7 PH boost oxidizer tank 
is constructed in much the same 
manner as the boost fuel tank. It 
has a power spun conical aft head, 
rolled and welded shell sections 
with fitting patch assemblies. Its 
forward end, however, is closed by 
a draw formed elliptical head. 


Rocket Motor Case Improved 
The 4330 M steel solid-propellant 


rocket motor case for the “B” model 
Bomare is being constantly im- 
proved. Changes in the design of 
some components have been made 
to meet demands arising from grain 
loading and fuel burning; other 
changes have been made to permit 
the case to be manufactured more 
efficiently. Several proposed im- 
provements, currently under investi- 
gation, may be incorporated into fu- 
ture motor cases. 

The case is constructed of rolled 
and welded shell and skirt sections, 
draw formed heads and forged and 
machined fittings and Y-rings. 

Special rings, attached to each 
end of the case, serve as a means of 
fastening the case to adjoining mis- 
sile body sections. The forward 
body joining ring is welded to the 
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a Small Part of the 


‘Trichlorethylene 


Operation Is of Much More Importance 


Detrex Perm-a-clor is universally recognized as a premium 
grade solvent, selling at regular price. There is none better. 


Buying from questionable sources or the use of unproved 
solvent can result in an inferior finishing operation which 


actually costs money instead of saving it. 


One sure way to save real money on trichlorethylene is through 
an expert engineering analysis of the overall degreasing 
operation— your equipment, your methods, the proper 
instruction of your people. 

Detrex engineers have been making such operational studies 
for more than 30 years. In many, many instances they have set 
up a program that has reduced solvent consumption by 15% 
to 25%. They would like to help you. 


CHEMICAL INDUSTRIES, INC. 


Box 501, Dept. MP-361, Detroit 32, Michigan 


Depend on DETREX for 

Every Metal Cleaning 

and Processing Need 

© PERM-A-CLOR NA 
(Trichlorethylene) 

© Solvent Degreasers 

® Ultrasonic Equipment 

© Industrial Washer 

© Phosphate Coating Compounds 

© PAINTBOND Compounds 

© Aluminum Treating Compounds 

® Alkali and Emulsion Cleaners 

© Rustproofing Materials 

© Extrusion and Drawing Compounds 

© Spray Booth Compounds 


for Dr. C. E. Kirchor's 


infor motive article: 
te Gei the Most Out 


World’s Largest Exclusive Producer of Cleaning Chemicals and Equipment 
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FABRICATED 


ALLOYS 


some need ’em HEAVY 


some prefer ’em LIGHT 


but everybody benefits from 
BALANCED DESIGN FEATURES 


That is why Rolock designs and builds 
baskets to meet the individual customer's 
job needs, using many PROVEN basic 
design features pioneered by us in this 
field . . . corrugated, plain sided, or 
perforated . . . with or without Rolock 
pressure-welded grids and screens . . . in 
types and sizes for all popular pit-type 
furnaces . . . or with custom features to 
meet special requirements. 

Rolock experience can be extremely 
helpful in cutting furnace-hour basket 
costs . . . in suggesting how to expedite 
flow of work ... in aiding efficient quality 
control. Write us and see. 


or ROLOCK 


FURNACE BASKETS 


Most of our customers, naturally, insist that fur- 
nace baskets be rugged, with more-than-ample 


safety factors . . . and maximum service life. 


But Rolock’s long and specialized engineering 
experience shows that no one design concept 
can meet all service conditions . . . and that 


sheer weight in heavy castings or oversize sec- 
tions does NOT insure either safety or long 
service. Where reduction can be achieved in 
the weight of baskets and fixtures, this means 
more “payload” and lower fuel costs. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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motor case; the aft body joining ring 
is riveted and bolted to the case 
(Fig. 7, p. 112). 

Shell sections are rolled from an- 
nealed 4330 M steel sheet 0.140 in. 
thick. The rolled sheet is trimmed 
and welded to form 35-in. diameter 
sections which in turn are butt 
welded together in rotating posi- 
tioners to make up complete body 
shells 10 ft. long. 

Heads, welded to each end of the 
body shell, complete the motor case. 
Each head assembly consists of a 
dome welded to a Y-ring which 
forms the transition from the cylin- 
drical body shell and permits at- 
tachment of a skirt section and body- 
joining ring. The igniter fitting is 
welded into the center of the for- 
ward head and a large fitting to 
which the rocket blast tube will be 
attached is welded in the center of 
the aft head. 

All welds in the rocket motor case 
are also made with the tungsten-arc 
inert-gas process, using helium gas 
in the torch and argon to cover the 
weld underbead. Preweld and 
postweld heating, once thought nec- 
essary for high-quality welds in 
4330 M steel, was investigated thor- 
oughly and found unnecessary. 

After a motor case is fabricated, 
but before the body joining rings 
are installed, it is suspended in a 
vertical furnace and heat treated to 
a strength level of 170,000 to 190,- 
000 psi. (Rockwell C-39 to 41). 
The forward body joining ring is 
welded to the motor case after both 
parts are heat treated. This is the 
only weld which is stress-relieved. 

Inspection of the motor case 
components is rigid in all stages of 
fabrication. “As-received” material 
must meet exacting specifications 
dealing with chemistry, dimensions 
and mechanical properties. All 
welds are checked with dye pene- 
trant and are X-rayed. Weld defects 
are ground away and the part is 
rewelded. Where necessary body 
shells are sized on a Grotnes sizing 
machine to meet close dimensional 
tolerances. The completed case is 
checked for aerodynamic cleanli- 
ness, fitting face parallelism and 
concentricity. Local out-of-round 
areas in the completed case are cor- 
rected by shot-peening. 

Several proposed improvements, 
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TEMPILSTIKS’ are widely used as a standard method of determining temper- 
atures in welding procedures, metal working and heat treating, steam trap main- 
tenance, tire-retreading, plastic forming and hundreds of other heat-dependent 
operations. Available in 80 different temperature ratings . . . $2.00 each. 
Most industrial supply houses carry Tempilstiks’. If yours is an exception, then 
write direct to us for further information. 


270 
Tempil CORPORATION © 132 West 22nd St., New York 11, W. Y. 
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Hardness 
Single 


Wilson “Rockwell’’ TwinTester 


e The new Wilson Rockwell TwinTester combines in one instrument 
the functions of both a Rockwell and a Rockwell superficial hard- 
ness tester. Designed primarily for use in such areas as tool 
departments, maintenance repair shops and laboratories, the 
TwinTester offers many outstanding features. 


Large direct-reading dial is marked with B and C scales for Rockwell hard- 
ness, and N and T scales for superficial Rockwell hardness readings. 
Just one zero set position for all scales. 


Easy to operate, the TwinTester can be changed from Rockwell to Rockwell 
superficial testing in seconds. 


Complete equipment includes cowl, ball penetrator for B and T scales, 
Rockwell test blocks, anvils, dust cover and protective sleeve set. 


A complete line of Wilson Rockwell instruments is available, including semi 
and fully automatic models. 


Write for details Ask for Cat- 

alog RT-58. It gives complete 
informationon the Superficial 
microscopic inspection of each tester as well as on the full wre 
diamond assure perfect readings line of Wilson Rockwell 

every time. hardness testers. — 


WILSON 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York - 
Circle 1169 on Page 48-B 


Wilson "Brale’’ Diamond Penetrators 
Each diamond is cut to an exact 
shape. A comparator check and 
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now under investigation, may be in- 
corporated into future motor cases. 
Forged and machined heads with 
integral Y-ring sections and fitting 
bosses (similar to the head of the 
helium tank in Fig. 5 on p. 111) are 
being considered. At this time, cost 
estimates for this design appear 
favorable. 

Explosive sizing, a new technique 
with which Boeing is doing consid- 
erable development work, may per- 
mit further design changes. The 
motor case shell, fabricated slightly 
undersize, would be placed in a 
suitable die, filled with water, and 
then sized to exact dimensions and 
concentricity by the force of an ex- 
plosive charge detonated in the 
water. With the perfection of this 
technique, the undersized shell could 
be fabricated with more liberal tol- 
erances (cutting flow time and ex- 
pense) and then brought to exact 
dimensions. 


Final Assembly 


On p. 113 Fig. 8 shows the Bo- 
marc in one of the final stages of 
assembly. Tanks, body sections, and 
the radome are joined with rivets and 
bolts. Control surface and ramjet 
engine strut subassemblies are bolt- 
ed to body frames. Equipment for 
the various systems is installed and 
connected by plumbing and electri- 
cal wiring. Fairings and other 
miscellaneous hardware are attached 
and the missile is painted. The 
complete missile (Fig. 9, p. 113) is 
tested to see that all components 
function properly before being de- 
livered to the Air Force. (} 


Reactor Vessels... 


(Continued from p. 104) 


usually inspected by Magnaflux or 
dye penetrant before or after clad- 
ding or both. 

All the above 13 steps and some 
others are, of course, directed to- 
ward the sole end of placing the 
steel shell in the best possible con- 
dition, at the very beginning of its 
service, to resist subsequent radiation 
damage. Some of these operations 
are undesirable from a fabricator’s 
standpoint for various reasons. 
They all add cost and time. The 
quenching operation is an especially 
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Now you can get . . . revolutionary rebalancing unit 


. modular construction . . . +0.25% accuracy... / 
in a small-case potentiometer . . . the advanced all-new 


HONEYWELL 
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‘ow you can get .. . revolutionary rebalancing unit 


. . modular construction . .. + 0.25% accuracy. . . 


in a small-case potentiometer . . . the advanced all-new 
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* 
omik / t i will save you more time, trouble, dollars and maintenance than any other 


potentiometer on the market today. ; 


New STRANDUCER* replaces slidewire 
e New control system with plug-in units 
e New modular construction 


e New economy 
. and other pace-setting features. 


ElectroniK 17 potentiometers are completely 
new Honeywell recording and control instru- 
ments, compact enough to fit standard 19-inch 
relay racks. They perform reliably, have 
+0.25%, calibrated accuracy, and incorporate 
new design advances which make them the 
easiest of all potentiometers to operate, con- 
vert, and maintain. 


You can get ElectroniK 17 instruments as strip 
or circular chart recorders or circular scale 
indicators. You can get electric contact control 
with up to 8 contacts. Control units are of 


plug-in type. 


With ElectroniK 17 potentiometers, you not 
only get uninterrupted performance, but also 
save money in initial cost, operating expense, 
and maintenance. You will find this new po- 
tentiometer far more economical to operate 
than any other available today. The following 
page will tell you why. 


*Trademark 


NO SLIDEWIRE, NO SLIDEWIRE PROBLEMS. The unique STRANDUCER rebalancing 
element, an innovation in potentiometer design, replaces the conventional slidewire. It 
works on the strain gage principle and consists of four looped wire strands which form 
the resistance legs of a Wheatstone bridge. Both STRANDUCER and pen carriage are 
linked to the potentiometer balancing motor. A change in electrical input causes the 
balancing motor to change the tension—and electrical resistance—of the STRANDUCER. 
This in turn causes the balancing motor to rebalance the bridge, at the same time repo- 
sitioning the instrument pen or pointer. The STRANDUCER is unaffected by corrosive 
atmospheres and has no contactors. It has unusually long life and infinite resolution, 
and is unaffected when the instrument is subjected to ambient temperatures up to 130°F. 


soll 
| 
| 
4 
bd ‘hi 


DRIVE MODULE 


CASE MODULE 


DISPLAY MODULE 


MODULAR CONSTRUCTION. Modular construction and plug-in components make 
the ElectroniK 17 the easiest of all potentiometers to operate, convert, and maintain. 
Component interchangeability cuts service downtime, minimizes spare parts inventory. 


WIDE CONTROL POSSIBILITIES. You can have up to 8 con- 
trol relays. Up to 8 plug-in contact control units fit into 
inside back of case. 

INTERCHANGEABLE DISPLAY MODULE. You can switch 
easily from strip to circular chart, to circular scale opera- 
tion... reduce your spare parts inventory because you 
can stock a single spare module for several instruments. 


FRONT ADJUSTMENTS. You adjust damping and gain from 
the front of the instrument, using only a screwdriver. 

GE DRIVE GEARS. You can change chart speed 
to '4 or 2 times basic speed in a matter of seconds by re- 
placing quick-change drive gears. Standard basic chart 
speeds: 1, 2, 6, 10, or 60 inches per hour. 

AND ACTUATION CHANGE. Simply change 
range card attached to actuation board. A screwdriver is 
all you need. Universal reference junction compensator 
serves all types of thermocouples; you can quickly remove 
it to convert to some actuation other than thermocouple. 
Filter network rejects loop stray signals. 


For complete information on the ElectroniK 17, call your nearby 
Honeywell field engineer or write to MINNEAPOLIS-HONEYWELL, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.—In Canada, 


Honeywell Controls Ltd., Toronto 17, Ontario. 


“2, O-17-4 


COMPACT EASILY-REMOVED TRAN TOR AMPLIFIER 
With only a screwdriver you can remove the amplifier for 
servicing. 

NO STANDARDIZATION. Zener diode constant current unit 
does away with need for battery and standardizing 
mechanisms. 

COMPACT CASE SAVES SPACE. With a height of 1314 in., 
a width of 11 in. and a depth of 16° in., the ElectroniK 17 
fits a standard 19-inch relay rack. Attach carrying handle 
to case, and you have a portable instrument. You need no 
tools to quickly remove door for easy access or conversion 
from one type of display module to another. 

TERMINAL BOARD AND PULL-OUT CHA You can 
pull out the chassis to the service position without 
tools and without interrupting the operation of the instru- 
ment, or completely remove it. Flexible wiring drawbridge 
keeps instrument operating when chassis is pulled out to 
service position, unplugs for removal of components. All 
external wiring connections go to terminal board at back 
of instrument case. 


Honeywell 


SINCE 1685 
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NOW-—A WELD-FREE RENE 41* RING pevetorep By c-M TO ELIMINATE THE 


PROBLEMS OF WELDED RINGS. C-mM’'sS RENE 41 RING IS FORGED FROM A CYLINDRICAL CASTING INSTEAD OF ROLLED 
FROM BAR STOCK AND WELDED. THIS INTEGRAL, WELD-FREE RENE 41 RING IS THE RESULT OF A CASTING PROCESS DEVELOPED 
BY C-M USING A THIN CROSS-SECTION RATHER THAN THE CONVENTIONAL THICK INGOT. BECAUSE THE CROSS-SECTION IS 
THINNER, IT COOLS QUICKER. THIS FAST COOLING PREVENTS SEGREGATION OF ELEMENTS—ELIMINATES STRINGERS. GRAIN 


SIZE IS MORE UNIFORM, TOO, AND THE RING HAS GREATER HOMOGENEITY THAN RINGS PRODUCED BY OTHER METHODS. 


FINISHED CYLINDER 


“tm OF GENERAL ELECTRIC 
C-M'S PROCESS CAN HELP SOLVE YOUR RING PROBLEMS ON RENE 41 AND OTHER DIFFICULT- 


TO-FORGE IRON, NICKEL AND COBALT ALLOYS. WRITE TODAY FOR COMPLETE INFORMATION, 


Mer CANNON-MUSKEGON CORPORATION 


VACUUM ALLOYS 


METALLURGICAL SPECIALISTS © 2871 LINCOLN STREET *. MUSKEGON, MICHIGAN 
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troublesome one because of the risk 
of distortion due to unequal cooling 
rates which can occur if the spray 
quenching apparatus is not perfectly 
designed or not very carefully used. 


Inspection and Tests 


At present there is a trend toward 
more rigid inspection and closer con- 


trol of material handling techniques, 
and there is no reason to believe that 
this trend will reverse itself. All the 
information we have indicates that 
as more tools become available to 
the metallurgist and the inspector 
they will be used. The crying need 
at present is for universally under- 
stood and accepted standards to be 
used when these new and sometimes 
delicate inspection techniques are 
put to work in what is essentially a 


The NEW 


FURNACE 


for continuous carbonitriding, carburizing, carbon restoration, 


Heats More Work Auto- 
matically At Less Cost! 


Completely automatic and accurate, 
this new Casemaster furnace has all of 
the cost saving advantages you need to 
produce more work with better quality. 


¢ Maximum loading up to 1500 
pounds of work in one load. 


e Automatic operation makes load- 
ing easy, fast and safe. 


normalizing, annealing and hardening 


e Flexibility allows for processing a 
wide variety of products over a 
broad temperature range. 


e Fewer rejects from thorough pene- 
tration of heat and atmosphere. 


e One furnace operator can handle 
many furnaces. 


e Sunbeam Casemaster furnaces are 
completely assembled and tested 
before shipment. 


Bulletin SEC-9 gives complete data on all sizes of the Sunbeam Casemaster. Write 


for your copy, today. 


the best industrial furnaces made 
SUNBEAM EQUIPMENT CORPORATION 


194 Mercer Street 


Meadville, Pa. 
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rough-and-ready, heavy manufactur- 
ing industry. 

Since so little is actually known 
about the whole field of radiation 
damage, it is important that the 
vessel designer and manufacturer 
take a good look at the situation 
confronting them and decide what 
additional information is necessary 
to remove the uncertainties with 
which they are faced. Certainly 
paramount among the things he 
would wish to know is the correla- 
tion between radiation damage and 
fatigue life. He has undoubtedly 
heard a great deal about radiation 
damage as it affects the impact re- 
sistance (Charpy V-notch tests) 
but he has almost no quantitative in- 
formation on changes in the fatigue 
strength. 

In connection with this, a bit of 
caution should be injected: Reactor 
vessels using carbon steels for the 
shell commonly use plates between 
5 and 9 in. thick. With radiation 
damage affecting the material the 
way it does, it may be found that 
discontinuities in the interior of the 
steel are of much more importance 
than has been imagined. For this 
reason, we should hesitate to extend 
fatigue data from small irradiated 
specimens commonly used in lab- 
oratory tests because they may not 
be representative of the thicker 
plates we are using. 

The data obtained from irradiated 
test pieces to date do not give a 
clear picture of the effect on proper- 
ties of exposure at or near the oper- 
ating temperatures of most pressur- 
ized water reactors—say in the 
range between 475 and 550° F. It 
is important that sufficient samples 
be exposed to radiation at tempera- 
ture while under load to define the 
effects of this additional variable. 


Laminations in Heavy Steel Plate 


Before leaving the discussion of 
properties, there is another important 
point which should be brought out, 
namely, defects. A significant per- 
centage of the raw material used in 
the heavy fabricating industry con- 
tains defects of one type or another. 
Porosity, laminations, and slag inclu- 
sions commonly plague those of us 
who have dealt with heavy metal 
sections. I personally believe that 
this is something which can be cor- 
rected without further research or 
development work. Methods are 
known. What delays progress is 
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High speed, high volume air circulation is the 
feature of this Surface continuous draw furnace, 
which enabled Ross Gear and Tool Company, 
Lafayette, Indiana, to 
(1) process a wide variety of steering gear forg- 
ings much faster than with the batch type fur- 
naces replaced. These forgings range from a few 
ounces to 22 pounds. 
(2) draw forgings at rates to keep up with 
production in hardening operations. 
(3) reduce handling operations, consequently 
reassign personnel to more productive jobs. 
The furnace has three separately controlled 
zones, each with its own burners and fan. The 
uniformity of furnace temperature from zone 
to zone is consistently held within +5°F. 


Mr. Leonard Ewalt, Chief Metallurgist of 
Ross Gear, reports: “The furnace will heat 
through a 2-inch section in approximately 40 
minutes—just about as fast as the metal can take 
it when heated by convection . . . I would say 
that with this method of distributing heat in 
the zones and the rapid heating rate, this 
Power Convection furnace* is a couple of years 
ahead of its time. 

We’re not waiting for tomorrow, either. We’re 
getting results today.” 

Write for bulletin SC-182. Surface Combus- 
tion, 2377 Dorr Street, Toledo 1, Ohio. In 
Canada: Surface Industrial Furnaces Ltd., 
Toronto, Ont. 


* Trademark of Surface Combustion, Division of Midland-Ross Corp. 
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Get started in vacuum metallurgy 
this sensible pay-as-you-grow way 


You may never need more than the basic 50-to-200 Ib. 
capacity of the CVC vacuum induction furnace shown 
above. It’s ample for medium-scale melting and casting. 
But if your needs change, as they well may in this rapidly 
expanding field, you can easily increase capacity to 300 lbs. 
Just open the flanged nozzle (arrow, left) and add an- 
other pumping system. Similarly, with the 
CVC laboratory and pilot plant model, 
you can start out with 5 lb. melts, then only 
change crucibles to accommodate 12, 17, 
30, even production-rate 50-lb. melts. Same 
with the big CVC large-scale production 
model . . . it’s expandable from 300 to 
1000 lbs. The capacity is there, if you want 
it. You pay only for what you need, 

when you need it. 


CVC gives you room to grow 


Consolidated Vacuum Corporation 


153-C 


WRITE for informative Bulletin 4-25. 


ROCHESTER 3, NEW YORK 


A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS /BELL & HOWELL 
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that large capital investments are 
needed to install the electric furnace 
capacity and vacuum casting equip- 
ment in the heavy plate mills. It is 
fortunate for the nuclear industry 
that other large steel consumers also 
face this problem. The need for 
cleaner, finer-grain steels, free from 
laminations, has been growing stead- 
ily in recent years. It is certain that, 
as this demand continues, the needed 
facilities will be installed. The im- 
portant thing to us, however, is that 
the need of the nuclear industry is 
acute; therefore, it is vital to us that 
the steelmaking facilities be im- 
proved as rapidly as possible. 

Frequently during this discussion, 
the importance of field experience 
was stressed. This point is so vital 
that it can’t be overemphasized. It 
is unfortunate that it will be vir- 
tually impossible to inspect reactor 
vessels during their service lifetime. 
Certainly one would not expect to 
cut boat samples from the interior 
of a reactor vessel for laboratory 
examination, nor is it wise to take 
drillings from the outside. The best 
way of obtaining this necessary in- 
formation would be to hang a num- 
ber of test samples inside the vessel 
itself. If these were located prop- 
erly, removed at stated intervals and 
examined, they should supply a con- 
tinuing check on the condition of 
the main structure. 

The possibility of annealing to 
remove the effects of radiation dam- 
age is certainly intriguing. If this 
can be done at a relatively low 
temperature, it will go a long way 
toward eliminating the entire prob- 
lem. While the difficulties of pro- 
viding for low-temperature anneal- 
ing will be manifold, they are small 
in comparison to the alternative of 
limiting the usable lifetime of a re- 
actor vessel to a few years. Low- 
temperature annealing can certainly 
be done, and the job will be much 
easier if proper provisions are made 
in the design of the plant at the 
outset. Of course, with this are asso- 
ciated a number of other questions 
such as, “What is the effect of fur- 
ther irradiation on material which 
has been annealed to remove the 
effects of radiation damage?” We 
probably won’t know the answer to 
this question for some time, but a 
lack of foresight in this regard can 
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To hit the exact qualities you want... 
you need a choice of quenching oils 


You can get by with just one 
quenching oil. But you can’t al- 
ways get the best results... not 
when you measure quality to a 
fine degree. Very often, you need 
a choice. 

Sun makes quenching oils to 
reduce cooler-maintenance costs... 
oils with high antidecomposition 
qualities. ..oils for fast-quench- 
ing operations . . . oils for mar- 


quenching...and other “‘specials.”’ 

See your Sun representative for 
help in evaluating your quenching 
needs. He’ll show you how to save 
money while maintaining quality 
... the best economy of all. 

Sun Or Company, Philadel- 
phia 3, Pa. Department MP-3. 
In Canada: Sun Oil Company 
Limited, Toronto and 
Montreal. 


MAKERS OF FAMOUS CUSTOM-BLENDED BLUE SUNOCO GASOLINES 
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SOMERS 
THIN 


aa provides the most durable, 
dependable material for a 
wide range of electronic, electrical, 
gircraft, missile and many other appli- 
cations. 

For accuracy in dimension, physical 
and chemical properties on metal from 
010” to .000125 thin (nickel alloys 
from .020”), consult. Somers — over 


iy é 50 years the number one source. 

Brass Staintess Steel 

ag Copper Phosphor Bronze 

“et Nickel High Temperature Metals 

Monei Beryllium Copper 

abe Inconel Glass Sealing Alloy 
Inconel X Tin Coated Metals 


Nickel Silver and Rare Metals 


Write for confidential analysis of your 4 
specific requirements — no obligation, 
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Reactor Vessels . . . 


be very expensive to a company 
which expects a 20 to 30-year return 
on a considerable capital investment. 


Recommendations 


The general radiation damage pic- 
ture may look extremely dark at the 
moment, but there appear to be sev- 
eral rays of sunshine to keep us 
from getting discouraged. The im- 
portant thing is that we recognize 
quickly what our problems might be 
and spend the time and effort neces- 
sary now to develop ways and means 
to get ourselves out of trouble later. 
The need for further research and 
testing in the field of material 
properties is obvious. The follow- 
ing recommendations involve action 
which can be effective in a short 
period of time, based on a common- 
sense approach, and with the objec- 
tive of avoiding some of the conse- 
quences of ignorance: 

1. Install samples of representa- 
tive materials in operating reactors 
in locations and under conditions 
which duplicate the service condi- 
tions of the reactor vessel itself. 

2. Intensify efforts to obtain the 
best possible quality of steel which 
will be used in critical areas of the 
reactor vessels. 

3. Watch design details very 
closely to make sure that no abrupt 
changes in cross section are placed in 
intense radiation fields. 

4. Place top priority on testing 
programs designed to explore the 
effects of annealing at low tempera- 
tures as a means of wiping out the 
damaging effects of radiation. 

5. Pursue a vigorous program to 
determine the fatigue properties of 
irradiated steel. 

6. Standardize methods of testing 
and reporting. 

7. Publish on a regular schedule 
the results of current investigations 
which will contribute to a wider 
understanding of the radiation dam- 
age problem. 6 


Machining . . . 

(Continued from p. 100) 

tool life and tool breakage. 
Sharp tools are mandatory; they 


help to assure a positive cut and 
lessen the possibility of work hard- 
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Selected by this major manufacturer, too... 


Here’s another of those crucial applications where SPENCER 
blowers are commonly specified because of: 


COMPLETE DEPENDABILITY 
Simple, rugged construction (lightweight impellers the only 
moving parts) reduces wear... assures long term, 
uninterrupted operation. 


NON-CONTAMINATION FEATURE 
Absence of any internal lubrication 
(all bearings are outside of casing) 
means air cannot become contaminated. 
Delivery of clean air is assured. 


COMPACTNESS 


Solidly built... with 
no unnecessary bulk. 


EASY MOUNTING 
Vibration-free operation simplifies 
attachment... permits 
flexibility in original 

equipment design. 


Request Catalog No. 126B containing complete 10,000 CFH Monogas Generator... 
specifications on Spencer blowers, product of Sunbeam Equipment Corp. 
available in standard capacities of: 

¥, to 1,000 H.P. 

Up to 20,000 C.F.M. 

4 oz. to 10 Ibs. pressure 


TURBINE COMPANY 
HARTFORD 6, CONNECTICUT 
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AUTOMATIC CONTROL 


| 
SATURABLE POWER REACTOR CONTROL SYSTEM 4 


Here’s a Saturable Power Reactor Control System that operates 
without contacts, switches, mercury or mechanical relays, poten- & 
tiometer sliders, photo cells or timers. The Power-O-Matic 60 oS 
Control is used exclusively on Blue M Mechanical Convection s 4. 
Horizontal Airflow Ovens with temperatures up to 650°F. It is ol 
completely stepless and infinitely proportional. ; 


Temperature changes inside the oven are sensed by a super-sensi- 
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tive and rugged stainless steel sensing bulb which is connected to a 
a hydraulic bellows by means of a capillary tube. Rising or falling a 
ambient temperatures move the bellows plunger in or out to Wi: 
maintain extremely close temperature control. Ambient compensa- a 
tion in this critical application is achieved thru the use of de- 
pendable Chace Thermostatic Bimetal. Blue M has designed this 
control system to give fail-safe, dependable operation for years; 
and backs it with a 5 year guarantee. This shows extreme con- ; 
fidence in a very important component . . . precision Chace a 
Thermostatic Bimetal. You may not be able to see it, but you can 
depend on it to do its job on the inside of this fine product. . . 
also fer years and years. Because of Chace’s record—more than 
a third of a century of specializing in one product: precision 
Thermostatic Bimetal—many manufacturers now specify Chace for 
all their bimetal needs. 


It contains many well illustrated pages of valuable design data 
and examples of successful applications of bimetal! More than 
40 types of Chace Thermostatic Bimetal are available in coils, 
strips and completely fabricated elements of your design. 


W. M. CHACE CO. 


%, y 1626 BEARD AVE., DETROIT 9, MICH. 
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Machining . . . 


ening. The cutting edge should be 
honed slightly to eliminate feather 
edge. 

Generally speaking, carbide tools 
are better for machining superalloys 
than are high speed steels. When 
high speed tools are used, the cobalt- 
bearing, heavy-duty types are supe- 
rior to the all-purpose grades. 

The ability to machine superalloys 
hinges on tool geometry. Tools are 
generally ground with a zero to 
slightly positive back rake (usually 
zero to three degrees), and with a 
positive side rake up to six degrees. 
A negative back rake is effective 
when the tool needs additional edge 
strength to prevent tool breakage. 
It is useful where maximum produc- 
tion is the prime consideration. A 
minimum nose radius will reduce the 
possibility of work hardening by 
lowering the tendency to chatter. 

For rigidity, tool overhang, the 
distance that the tool projects out of 
the holder, should be kept as small 
as possible. Otherwise, the tool bit 
is likely to vibrate, chatter and even- 
tually break. Ragged cuts also will 
result. 

In machining, coolants are essen- 
tial, heavy sulphur-base or sulphur- 
chlorinated cutting oils being gener- 
ally preferred. Soluble oil emulsions 
(used highly diluted) will increase 
the rate at which heat is removed 
from the cutting edge of the tool. 
Carbon dioxide has been used suc- 
cessfully for certain machining op- 
erations on some high-temperature 
alloys. 

The depth of cut should be as 
heavy as possible to avoid glazing 
or burnishing. In turning opera- 
tions, this depth can vary from as 
little as 1/64 in. to % in. It is also 
important, when removing metal, to 
get under the work hardened sur- 
face left by the previous cut. Speeds 
and feeds, which must be positive 
at all times, are usually smaller than 
with more conventional metals. For 
turning operations, speeds can vary 
from 25 to 200 sfm. and feeds may 
range from 0.005 to 0.020 in. 

While turning and facing are 
the easiest, drilling is the most diffi- 
cult of the machining operations. 
In drilling, the major problem is 
that the chisel point of the drill work 
hardens the metal as it rubs con- 
stantly against the bottom of the 
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HANDY ALLOY DATASHEET: ‘SS 


...How to choose between a soft solder and a brazing alloy 


Handy & Harman provides two alloys that fit between 
“something stronger than the average soft solder but 
not as strong as a silver-brazing alloy.” They are named 
TEC and TEC-Z and their flow points are intermediate 
between soft solders and silver-brazing alloys. Joints 


as a 50% tin—50% lead solder at room temperature in 
short-time tensile tests. 

Applications —One example is a thermostatic bellows 
where the operating temperature is too high for soft 
solders (tin-lead), yet requires a joining medium which 


will not anneal the bellows. Another use is gun parts 
which require joint strength at higher than soft-solder 
operating temperatures plus corrosion resistance to solu- 
tions used in cleaning and blackening. Also for lamp 
bulb bases operating at approximately 350°-500° FE 
Automotive applications and heat exchangers. TEC con- 
forms to Government Specifications Mil-S-19234 (Nord); 
both TEC and TEC-Z are available in sheet, wire, pow- 
der, and preforms to specifications. 


made by these alloys are strong in straight tension or 
shear. For instance, butt joints of cold-worked copper 
can be made havinga tensile strength of about 25,000 psi. 
This is approximately 10,000 psi. more than can be ob- 
tained with tin-lead soft solders. TEC joints retain their 
strength at elevated temperatures much better than the 
tin-lead soft solders. As shown in the table below, the 
strength of the solder itself at 425° F is about the same 


NOMINAL COMPOSITIONS 
TEC TEC-z 
; Silver 5% plus or minus 0.5% 5% plus or minus 0.5% q 

Zinc 16.6% plus or minus 0.5% : 


Cadmium 95% plus or minus 0.5% 78.4% plus or minus 0.5% 


PHYSICAL PROPERTIES 


TEC TEC-Zz 
Color White White 
Melting Point 640° F 480° F 
Flow Point 740° F 600° F 
Density (Troy oz/cu in.) 4.60 4.53 
Electrical Conductivity (Cu = 100) 22.0% 20.6% 
Electrical Resistivity (Microhm-cm) 7.9 8.4 4 


STRENGTH COMPARISON TEC vs. Pb-SN 


al 


a TENSILE STRENGTH LBS/$Q IN. TENSILE STRENGTH LBS/SQ IN. 
TEC Pb-SN 
ROOM 16,400 2,500 
. 300° F 4,400 650 
425° F 2,600 Melts : 
500° F 1,700 


The information and data on this page are available in our Handy Alloy Data Sheet. Ask for “TEC.” Handy & Harman, 
82 Fulton Street, N.Y.C. 38. 
Your No.1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
Offices and Plants: Bridgeport, Conn. + Chicago, Ill. * Cleveland, Ohio + Dalias, Texas + Detroit, Mich. * Los Angeles, Calif. *+ New York, N.Y. 
Providence, R.|..* Montreal, Canada + Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 
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35,000 Specimens... 
105,000 Photomicrographs... 


Not One Breakdown 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regard to maintenance and repairs .. . some 
35.000 specimens were examined and over 105,000 
photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented carbides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
‘2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you . . . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 
mens, make exposures. . . all with unbelievable speed, ease and precision. 

Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


Dept. Q-119 
\merican (0) tical Please send me information on the LABORATORY 
WORKHORSE... the AO METALLOGRAPH. 

© Company 

INSTRUMENT DIVISION. BUFFALO 15. NEW YORK CITY ZONE ____STATE 
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hole. It is essential, therefore, that 
the drill never be allowed to rotate 
in the hole with the feed disengaged. 
Unless this precaution is followed, 
the bottom of the hole may be work 
hardened to such a degree that the 
metal can no longer be drilled. 

The last tip is probably the most 
important of those listed — have pa- 
tience, don’t expect miracles —at 
least not immediately. There is no 
question that the high-temperature 
alloys are very special and peculiar 
materials. However, by exercising 
patience, perseverance and using 
the knowledge that has been devel- 
oped, most of them can be machined 
with reasonably acceptable results. 


Unusual Methods for Machining 


The preceding comments apply, 
of course, to the conventional ma- 
chining operations (turning, milling, 
drilling, tapping, and the like). Re- 
cent unorthodox approaches to these 
operations offer some promise for 
better machinability and higher pro- 
duction. One of these is subzero 
machining, in which, as the name 
implies, the conventional operations 
are performed at very low tempera- 
tures. The reasoning? This is sim- 
ply a direct method of reducing 
temperature at the tool-work inter- 
face (which can approach 2000° F. 
in some instances). As for methods, 
deep freezing of the part itself is 
not as effective as flooding the area 
being cut with a dry-iced coolant, 
or surrounding the work area with 
CO, mist. The greatest benefits 
have been noted in turning, but im- 
proved milling and drilling have 
been obtained with certain grades. 
Though all tests have not been suc- 
cessful, the method justifies further 
study and experimentation. 

In a directly opposite approach, 
hot machining has also been tried. 
In theory, this will reduce the shear 
strength of the work material so 
that more plastic flow occurs to alter 
the chip formation. Temperatures 
up to 1200° F. have been used. 
Here, as in subzero machining, the 
greatest benefits are noted in turn- 
ing and milling, with little or no im- 
provement in drilling. 

Grinding, mentioned _ earlier, 
should not be overlooked as a meth- 
od for shaping the hard alloys. One 
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YOUR ONE, COMPLETE 
SOURCE FOR 
HIGH TEMPERATURE 
HIGH STRENGTH METALS 
IN ALL FORMS 


Complete Production Facilities 


. All the tools to do the job are here—all types of 
vacuum melting and electric arc furnaces, com- 
plete rolling and forging equipment. You can 
get the highest quality mill products—billets, 
bar, wire, sheet, strip and plate to your exact 
specifications. 


Extensive Research and Development 


Universal-Cyclops modern research facilities in- 
clude pilot plant operations and the most mod- 
ern testing equipment. From Universal-Cyclops 
has come such well known alloys as Unitemp 
19-9 DL, Unitemp N155, Unimach I, and Uni- 
mach UCX2. Present alloy development pro- 
grams will lead to other useful metals. 


Geared for Fast Service 


Call your nearest Universal-Cyclops District 
Sales Office for dependable service on Unitemp 
high temperature metals and Unimach high 
strength steels. 


Melting Furnaces Illustrated 

@ Electric Arc, Precision Air Melting 
@ Inductovac®, Induction Vacuum Melting 
3) Duomelt®, Consumable Electrode Vacuum Melting 


—And Duovac® (not illustrated )—combining 
processes 2 and 3. 


UNIVERSAL 


STEEL CORPORATION 
EXECUTIVE OFFICES: BRIDGEVILLE, PA. 


HIGH TEMPERATURE METALS e STAINLESS STEELS 
TOOL STEELS e REFRACTORY AND REACTIVE METALS 
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Problem: Find a better die lubricant. 


Solution: dag® Dispersion 3—diluted with five parts water. 


RESULT: SCH/CK PRODUCTS SAVES 20% 
IN FORGING OPERATIONS 


Schick Products, Inc., Belmont, California, gained three important 
benefits by spraying ‘dag’ 3 on their pre-heated dies before forging 
aircraft and missile components. They found that this Acheson dis- 
persion: 1. reduced the amount of lubricant necessary, because of 
its greater coverage, 2. allowed greater speed and efficiency in the 
removal of forgings from their dies, and 3. virtually eliminated 
former sticking conditions between forging and die, providing longer 
die life and fewer rejects. By their own estimate, these operating 
savings have amounted to at least 20%! 


If you are interested in lubrication effi- 


ciency, write for further information. Send 
for Bulletin No. 426. Address Dept. MP3. 


ACHESON - First name in solid lubricants for fifty-three years. 


©) ACHESON (Colloids Company 


PORT HURON, MICHIGAN 


A division of Acheson Industries, Inc. 
Also Acheson Industries (Europe) Ltd. and affiliates, London, England. 
Sales offices in principal cities. 
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application where grinding is popu- 
lar is in the fabrication of jet-engine 
turbine buckets. The air foil sec- 
tion is usually precision forged to 
close tolerances, and then finished 
with a grinding or polishing opera- 
tion. Many of the fastener designs 
in the root of the bucket, such as 
“Christmas tree” serrations, are 
formed by grinding. 

Other methods of metal removal 
include chemical milling, spark arc 
disintegration and electrolytic ma- 
chining. In chemical milling, acid 
baths remove metal from large sur- 
faces. This method can be used on 
such sections with a minimum of 
distortion or warpage. Although 
penetration is slow compared with 
that of conventional machining, the 
simultaneous attack over a large 
surface may make metal removal 
rates quite favorable. 

The spark-are processes, includ- 
ing Elox and Method X, use a shaped 
electrode and an electrical discharge 
to “erode” a shape in very hard or 
difficult-to-machine materials. Re- 
cent improvements in control equip- 
ment have improved the rate of 
metal removal; however, there are 
still other limitations which restrict 
its application for all types of 
materials. 

Electrolytic machining differs 
from electrical discharge methods in 
that metal is removed by electro- 
chemical attack rather than by 
sparking or arcing. The metal re- 
moved goes into solution, forming 
metallic salts (as it does in chemical 
milling). When performed in con- 
junction with a grinding operation, 
the coolant also serves as the elec- 
trolyte, conveying current between 
the workpiece and the metal-bonded 
wheel. This principle has also been 
used with shaped electrodes to sink 
holes of irregular shape in various 
toolsteels and superalloys. 

To sum up, the space-age metals 
present a real challenge to the ma- 
chining specialist. However, the 
picture is certainly optimistic. After 
all, materials considered impossible 
to machine a few years ago are now 
being processed in everyday produc- 
tion, and problems that may seem 
without solution today will surely be 
solved tomorrow through persever- 
ance and ingenuity. 
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600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 


600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose. . . 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, all year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That's why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 


MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


The alloys available from the Mueller Brass Co. range from those having high 
hardness and wear properties, to alloys that must possess excellent electrical 
conductivity, and ones that must have free-machining properties. Let our 
engineers help you select the alloy best suited to your exact application. 


For complete engineering data, write 
today for Special Alloys Kit No. 13. 


eee MUELLER BRASS CO. Port HURON 28,MICHIGAN 


326 
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AUTOMATE your melt analyses with a 
DIRECT-READING SPECTROMETER 


Chemical Composition In Minutes 


Baird-Atomic Spectrometers — either the SPECTROMET or 
DIRECT READER — allow high precision analysis of alloying and 
minor elements to be made quickly and easily. Results are reported 
to the melt shop in minutes permitting corrections to be made prior 
to pouring. Both units are specially designed for rugged, practical 
use . . . to be operated by semi- or non-technical personnel. 


SAVE TIME, ELIMINATE WASTE, HIT SPECS ON THE NOSE 


e Eliminate “off analysis’ heats. 


e Shorten furnace holding time — net more heats per month, minimum 
loss of alloy elements, longer furnace life, lower fuel costs. 


Conserve expensive alloying elements by confidently aiming at low side of 
the specification. Detect harmful tramp elements. 


e Reduce expenses by saving manpower, supplies, and space. 


Choose the Model Suited to Your Needs 


SPECTROMET — rugged model designed for installation 
close to the melt shop without need for special laboratory. 


DIRECT READER —Custom-built laboratory unit analyzes 
for Ag 60 elements or more — dial or strip chart 
lout. 


BOTH UNITS HAVE THESE 
Zz 
EXCLUSIVE | ADVANTAGES 


Automatic Optical Servo Monitor — maintains optical 
alignment regardless of temperature, atmospheric pres- 
sure or shock and vibration. 


Simultaneous Results with Parallel Interchangeable 
Channels — essentially a separate direct reader for each 
element. Increases reliability, facilitates maintenance. 

If one channel fails, other channels not affected. 
Channels interchangeable without recalibration. 


Wide concentration range on single scale — exclusive 
logarithmic presentation of results covers wide 
concentration range on one scale without sacrifice in 
precision (e.g. from .1% to 40% chromium in steel). 


High Resolution and Dispersion with 3-Meter Grating 
— high Cay ey of grating in combination with 
Automatic Optical Servo Monitor aids performance. 
For example : phosphorus in steel in presence of 
copper, boron in steel, silicon in steel in presence 

of high chromium. 


Custom Built Excitation Source — the source best suited 
to each problem is custom built into the instrument. 


Write for Introductory Bulletin SC-1. 


BAIR D-ATONMIC,/NC. ~ 


J university road + cambridge 38, mass. 
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Dry-Hydrogen Brazing... 


(Continued from p. 96) 


value if ideal brazing conditions 
cannot be maintained. 


Preparing the Joint 


The preparation of the joint is 
frequently taken too lightly. Parts 
that are assembled without remov- 
ing dirt, oil, carbon, sulphur or lead 
compounds, draw or spinning com- 
pounds, paint, pencil or dye mark- 
ings, or oxides in the joints cannot 
be brazed successfully. 

Cleaning — Thorough cleaning is 
most important. Cleaning by de- 
greasing in a properly maintained 
vapor degreaser will remove oil, but 
frequently other cleaning methods 
are necessary. Washing and rinsing 
can be used for some applications. 
Cleaning with acetone is frequently 
employed after prior cleaning. 

For stainless steel, pickling to re- 
move the resulting sooty deposit is 
sometimes carried out to promote 
wetting by the brazing alloy. This 
is not necessary if the hydrogen at- 
mosphere is sufficiently dry and the 
temperature is high enough to re- 
move the light residual, nonappar- 
ent oxide which forms on stainless 
steel at room temperature over a 
period of time. 

If the removal of these oxides is 
important, as when brazing at a 
relatively low temperature, pre-firing 
in very dry hydrogen at a higher 
temperature before assembly is an 
excellent first step. For the “prob- 
lem” metals containing aluminum or 
titanium in appreciable percent- 
ages, special preparation is required. 
Metals containing these alloys can 
be brazed without flux in dry hydro- 

en if the joint areas are nickel 
plated before assembly. 


Applying the Brazing Alloy 


Application of the brazing alloy 
involves not only the selection of the 
form of the alloy, but also where to 
put it, how to apply it, the quantity 
to use, and where to mask the pari 
to prevent flow to undesired areas. 

Whenever possible the alloy 
should be located so that its flow 
into the joint will be aided by grav- 
ity; however, if the alloy can be 
kept close enough to a joint for 
capillary action to start, it will pull 
uphill into a joint. Grooves within 


METAL PROGRESS 


4 
4‘ 
| 
; OO0000006 
| 
| 
oe e¢. 
a > . 


MARCH 1961 


"Plant #2: 31440 Stephen 


Plant #1: 6100 Tieman Ave. - Detroit 4, Midh. TYler 6-6086 
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Com ial’s gigantic new gas fired, 
gantry-type, heat treating furnace offers 
facilities, accuracy and savings avail- 
able nowhere else in the tri-state area. 
It can process complete rocket, missile 
or industrial parts up to 28 feet long 
by 6 feet in diameter. 


This versatile, specially engineered fur- 
nace is capable of clean hardening, 
stress relieving, brazing, gas carburiz- 
ing, normalizing, precipitation harden- 
ing, carbon-restoring, cycle annealing, 
carbo-nitriding or aging, with labora- 
tory accuracy. 


Special automatic controls, inert atmos- 
phere shielding, versatile quench facil- 
ities and unique engineering features 
make this the finest heat treating facility, 
of its size, in the country. 


Your inquiries are invited. 
Inspection arranged by appointment. 
Write for descriptive literature. 
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How much turbulence do you need? 


Here is an engineer’s approach to 
quenching: 

It is based on research work corre- 
lating oil flow velocities through 
the quench zone with physical 
properties of the metal as quenched. 
With great versatility it achieves 
uniformly rapid extraction of heat 
from parts of virtually any size or 
shape. 

Each of the four 25-hp LIGHTNIN 
Mixers drives oil downward 
through a draft tube, then upward 
into the quench zone at the precise 
velocity needed. 

Versatility is built into the system 
by means of adjustable-pitch pro- 
pellers, by the use of two-speed 


motors, by easily replaceable 
change gears that provide a range 
of mixer output speeds, and by the 
optional use of one, two, three or 
four units. In other installations, 
higher or lower quench rates are 
attained by varying size and design 
of the mixers. 

On any problem of quenching, in 
tanks of any size or shape, we are 
ready to consult with you on the 
mixer design and tank contouring 
that will best accomplish what you 
want to do. For information, write 
us or call your LIGHTNIN Mixer 
representative listed in Thomas’ 
Register and in the yellow pages of 
your telephone directory. 


Lightain Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-c Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 


In Europe: Lightnin Mixers, Ltd., Poynton, Cheshire, England 
Circle 1185 on Page 48-B 
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Dry-Hydrogen Brazing... 


a joint act as excellent aids in plac- 
ing an alloy prior to assembly. 
Shims of brazing alloy are satisfac- 
tory within a joint only when move- 
ment can take place to close the gap 
when the alloy flows. 

Powder Alloy —The methods of 
applying wire and shim material are 
fairly obvious, but special techniques 
are required when powder is used. 
It may be applied dry, in some in- 
stances, and then locked in place by 
wetting it with an acrylic cement. 
Or it may be mixed with acrylic to 
form a slurry and then applied 
through a small tube. For flat sur- 
faces, it may be sprayed on with a 
metalizing gun. 


Match Load and Furnace Size 


Actual loading in the furnace re- 
quires careful attention. Retort 
size should be selected to match the 
load of parts for uniform heating 
and to permit supports for the as- 
semblies to be made as simple as 
possible. The fewer supports and 
fixtures used the better. If graphite 
supports are used, consideration 
must be given to possible contami- 
nation from oxides and entrapped 
air and moisture and from carbon 
transferred to the assembly. 

Expansion — The expansion of the 
support and fixtures must match 
that of the assembly if any differ- 
ence will change their relative posi- 
tions. This involves the coefficients 
of expansion of the assembly com- 
ponents, fixtures and supports as 
well as the differential expansion 
and contraction that may occur dur- 
ing the heating and cooling cycles. 
Possible warpage of the fixtures and 
support must also be given careful 
attention. 

When supports and fixtures are 
to be used, consideration must be 
given to the possibility of their being 
brazed to the assembly. Careful 
masking is required if any point or 
area of contact is near a braze or 
can be reached by the brazing alloy. 

Success of the brazing cycle de- 
pends, of course, on controlling the 
temperature and purity of the hydro- 
gen. Next month the second part of 
this article will give some hints on 
temperature regulation and how to 
minimize contamination, along with 
a check list which itemizes the fac- 
tors that affect brazing results. @ 
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HOW ZIPPO DEGREASES 100,000 PARTS 


BEFORE 


Zippo Manufacturing Company, 
Bradford, Pa., is meticulous about 
degreasing parts and cases used in 
their lighters. The company does as 
careful a cleaning job as watchmak- 
ers or manufacturers of aircraft in- 
struments. 

With all their attention to detail, 
they still manage to degrease 100,- 
000 parts before cleanout with 
Nialk® TRICHLORETHYLENE. The 
special stabilizer contains psp—-per- 
manent staying power. This permits 
them to process a large volume of 
parts without endangering their 
quality. Psp maintains the stabilizer 
at maximum efficiency between 
cleanouts. 

The stabilizer also prevents 
gummy substances from forming, 
substances which might coat the 
heating elements in the degreaser 
units and reduce efficiency of the op- 


eration. The vapor and bath stay 
clean. Parts never become tarnished. 


When baths are cleaned out, Zip- 
po gets full recovery of the solvent, 
and it is fully stabilized so they 
never have the cost and trouble of 
adding fresh stabilizer to maintain 
bath strength. 

Zippo likes the several different 


degreasing jobs that Nialk TricHLOR 
does. As many as five different met- 
als might be degreased in a day— 
brass, stainless steel, die-cast zinc, 
copper and gold. 

Even considering all the use Zip- 
po gets from each bath, they have 
never had to sacrifice quality. There 
has never been a need to titrate or 
run any other type of test. 

Nialk TrRICHLOR can bring you the 
same benefits and cost savings. 
Hooker technical experts can help 
you to set up your degreasing oper- 
ations, then check regularly to make 
sure your operation remains trouble- 
free. Zippo obtains Nialk TricHLoRr 
through Ken C. Merrill Co. 

See your Hooker Chemical dis- 
tributor. He will be glad to help you 
with your problems and questions. 
Or write us direct. Our years of ex- 
perience are yours for the asking. 


HOOKER CHEMICAL CORPORATION (bia 


403 UNION STREET, NIAGARA FALLS, NEW YORK 


Sales offices: Buffalo, Chicago, Detroit, Los Angeles, New York, Niagara Falls, Philadelphia, Tacoma, Worcester, Mass. Jn Canada: Hooker Chemicals Limited, North Vancouver, B.C 
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: Tool and Hardware Manufacturers Use 


zi “Guaranteed Against Warping or Breaking”’ is the seal 
of quality often found on tools and hardware made of 
Malleabie iron. Frequently Malleable components are 
guaranteed while the other materials in the same tools 
are not. 


, Proven performance superiority has induced many tool 
and hardware manufacturers to switch to Malleable 
castings so they, too, can guarantee their products. At 

f the same time, they often reduce their costs. How? 
Because Malleable provides more strength per dollar 
than any other metal; Malleable is the most machinable 
of all ferrous metals of similar properties; Malleable is 

4 truly outstanding for its toughness, ductility, castability 

45 and corrosion resistance. While Malleable’s natural ap- 

pearance is attractive, a wide variety of finishes can be 
applied for added customer appeal. 


The manufacturer of this 
unit converted his entire 
line of machinist vises to 

Malleable...then guaran- 

i teed them against break- 
age. Not one claim has ° 
been made in three years! 


Malleable for the Parts They Guarantee... ay 


Improve your products by using Malleable castings. 
Check with any Malleable producer that displays this 
symbol 


MEMBER 


- 
A 
STING s couN 
Profitmaking Ideas are yours free in our Data 
Unit No. 114, available from any member : 


foundry, or Malleable Castings Council, Union . om 


CASTINGS 


Commerce Building, Cleveland 14, Ohio. 
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$10,000 per year are saved 
by the manufacturer of this 
hydraulic jack since he con- 
verted the 16 inch long 
caster bar to a Malleable 
casting. The bar originally 
was a fabricated part that 
required shearing, punching, 
sawing, chipping, grinding 
and reaming, plus welding 
at eight points. The Malle- 
able casting is delivered 
ready-to-use at a savings of 
$2.68 per unit. 


The wide range of Malleable’s properties permits its use 
in hundreds of tool and hardware applications. Besides the 
examples shown here, Malleable is used for load binders, 
chain hoists, hinges, many kinds of clamps, pliers, trailer 
hitches, jack screws, gun frames, fence fittings, casters, 
brackets and pipe threading and cutting tools. 


When you’re interested in high qual- 
ity and long life, Malleable gives 
: your products many competitive ad- 
9 o vantages. We’ll be glad to show you 
_ Dy, how. Write or call one of the com- 

panies listed below. 


CONNECTICUT 


For Quality and Economy...Use 


For Service Contact... 


Connecticut Mall. Castings Co., New Haven 6 


Eastern Malleable Iron Co., Naugatuck 


DELAWARE 


Eastern Malleable Iron Co., Wilmington 99 


ILLINOIS 


Moline tron Works, Moline 


INDIANA 


1OWA 


Albion Malleable lron Compan 

Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 


lowa Malleable Iron Co., Fairfield 


Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 


Moline Malleable tron Co., St. Charles 

National Mali. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co.. 
Wagner Castings Company, Decatur 


eoria | 


Bivision, Muncie 


MASSACHUSETTS 

Belcher Malleable Iron Co., Easton 

MICHIGAN 

Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 

Cadillac Malleable Iron Co., Cadillac 

Central Fdry. Div., Gen. Motors, Saginaw 

MINNESOTA 

Northern Malleable Iron Co., St. Paul 6 

MISSISSIPPI 

Mississippi Malleable Iron Co., Meridian 

NEW HAMPSHIRE 

Laconia Malleable tron Co., Laconia 

NEW YORK 

Acme Steel & Mall. lron Works, Buffalo 7 

Frazer & Jones Company Division 
Eastern Malleable tron Co., Solvay 

Oriskany Malleable tron Co., Inc., Oriskany 

Westmoreland Mall. Iron Co., Westmoreland 

OHIO 

American Malleable Castings Co., Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mail. Iron Co., Ironton Div., Ironton 
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Dayton Mail. Iron Co., Ohio Mall. Div., Columbus 16 
National Mall. and Stee! Castings Co., Cleveland 6 


PENNSYLVANIA 

Buck tron Company, inc., Philadelphia 22 
Erie Malleable Iron Co., Erie 

Lancaster Malieable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable Iron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mall. ron Co., Point Pleasant 


WISCONSIN 

Belle City Malleable Iron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malieable Company, Inc., West Allis 14 
Kirsh Foundry Inc., Beaver Dam 

Lakeside Malleable Castings Co., Racine 


Milwaukee Malleable & Grey Iron Works, Milwaukee 46 
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A. SCHAEFER has_ been 
appointed director of research at 
the Carl F. Norberg Research Cen- 
ter of the Electric Storage Battery 
Co. in Yardley, Pa. 

A 1935 graduate in chemistry 
from Western Reserve University, 
he received his master’s degree in 
physical chemistry a year later and 
his doctor's degree in 1941. His 
experience in industry includes 22 
years work in divisions of the Clevite 
Corp., starting in 1936 when he 
joined Cleveland Graphite Bronze 
Co. He rose from research chemist 
to supervisor of chemical develop- 
ment, director of research and then 
technical advisor to the president. 
He was also vice-president of the 
Clevite Brush Development Co. di- 
He left Clevite 
in 1958 to become director of engi- 
neering and research at Bunting 
Brass and Bronze Co. 

He belongs to many technical 
groups and is particularly active in 
the Electrochemical Society. He is 
president for 1960-61, and in the 
past has served as vice-president, na- 
tional director and director of the 
Cleveland Section. He is also a 
past president of the American 
Electroplaters’ Society (1954-55). 


vision for two years. 


David W. Lillie — now manager 
of the materials application and 
evaluation section of the General 
Electric Research Laboratory in 
Schenectady, N.Y. 


Ray J. Van Thyne — from super- 
visor of reactor metallurgy to an as- 
sistant director of metals research at 
the Armour Research Foundation of 
Illinois Institute of Technology. 


G. Letendre, Université Laval, 
Quebec, Que. — elected president of 
the Province of Quebec Chamber of 
Commerce. 


Walter L. Keene — from director 
of research and metallurgy to gen- 
eral manager of operations, Superior 
Steel Div. of Copperweld Steel Co., 
Cargnegie, Pa. 


John B. Newkirk — from research 
associate in the metallurgy and ce- 
ramics department, General Electric 
Research Laboratory, Schenectady, 
N.Y., to professor of chemical and 
metallurgical engineering at Cornell. 


Robert A. Eidam — appointed gen- 
eral superintendent of the East Chi- 
cago (Ind.) Works of Blaw Knox 


Co.’s foundry and mill machinery 


division. 


Kenneth D. Hunt — now assistant 
district manager of the Michigan 
district of Braeburn Alloy Steel 
Corp., Braeburn, Pa. 


F. P. A. Robinson — awarded a 
Ph.D. degree in December by the 
University of the Witwatersrand, 
Johannesburg, South Africa. 


Arthur J. Abrams — from plant 
metallurgist in Bridgeport, Conn., to 
assistant plant manager in Chicago 
for Handy & Harman, New York. 


F. W. C. Boswell — from head, 
metal physics section, Department 
of Mines and Technical Surveys, 
Ottawa, Ont., to associate professor 
in the department of physics, Uni- 
versity of Waterloo (Ont.). 


Hiland G. Batcheller, chairman of 
the board of Allegheny Ludlum 
Steel Corp.—named chairman for 
the Capital City Region of New York 
State for the Science Center Fund 
of Rensselaer Polytechnic Institute. 
The fund seeks a total of $8,300,000 
for the four buildings comprising the 
center. Two of the buildings under 
construction, at the Troy, N.Y., cam- 
pus are scheduled for completion 
in May. 
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Core-type melting furnace, one of 
many products of AM, for the heating 
or melting of metals by induction. 


induction heating 
j only business” 


Magnethermic 
x CORPORATION 


GENERAL OFFICES P.O. Box 839 © Youngstown 1, Ohio 

TRENTON DIVISION 930 Lower Ferry Road © Trenton 5, New Jersey 

YOUNGSTOWN DIVISION 3990 Simon Road ® Youngstown 12, Ohio 

AJAX MAGNETHERMIC, CANADA, LTD. Box 779 © Ajax, Ontario 
Circle 1142 on Page 48-8 
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METALLIC 


2353-CMA 


_.. Maybe not far enough! 


THERE IS MORE THAN ONE WAY TO SKIN METAL... CLEAN 
IT... PEEN IT... FINISH IT WITH METALLIC ABRASIVES! 

A CMA Counselman will help you determine where, 
when and how you should use metallic abrasives. He 
will present facts on how your metallic abrasive blast- 
ing equipment can be more productive... more profit- 
able...more practical to use than other processes. 

CMA’s Counselman Service is made up of men 
who know your industry. They are specialists with 
long experience in such fields as steel mills, foundries, 
enameling plants, and forge shops. They provide 
a technological service extension of CMA’s research, 
development, manufacturing facilities and experi- 
ence to help keep users of metallic abrasives on the 
right track . . . to explain factually how metallic 
abrasives can be more widely utilized for even 
greater advantages. 

For complete details . . . write or call, today, with- 
out obligation. 


CLEVELAND is the name and the piace for 
PERSUASIVE ABRASIVES 


LEVELAND 
ETAL 


BRASIVE COMPANY 


World's Largest Production Capacity 


GENERAL OFFICE: 888 East 67th Street + Cleveland 3, Ohio 
PLANTS: AT Howell, Michigan; Toledo; Cleveland + Teletype: CV 901 
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Charles H. Moore @ — from ex- 
ecutive director of corporate re- 
search and development and man- 
ager of semiconductor operations for 
P. R. Mallory and Co., Inc., to tech- 
nical director of the Copper Products 
Development Assoc., Inc., New York. 


Thaddeus Giszezak @ — from chief 
metallurgist of the General Motors 
Central Foundry Div.’s Defiance, 
Ohio, plant, to divisional chief metal- 
lurgist, at divisional headquarters in 
Saginaw, Mich. 


Lawrence L. Garber @, vice-presi- 
dent, Electric Autolite Co., Toledo, 
Ohio — named group executive, di- 
recting the operations of three com- 
pany divisions. 


Robert F. Casler @ — from Bridge- 
port Brass Co., to process metallurgist 
with Brush Beryllium Corp., Elmore, 
Ohio. 


Andrew F. Grimm @ — from met- 
allurgist-statistician, Republic Steel 
Corp., Buffalo, N.Y., to quality con- 
trol engineer, Cramer Controls Corp., 
Centerbrook, Conn. 


Richard R. Hartwell @ — now as- 
sistant to the general manager, tech- 
nical service division, Canco Div., 
American Can Co. 


Allen D. Zumbrunnen @ — now 
an assistant metallurgical engineer, 
metallurgy division, Argonne Na- 
tional Laboratory, Argonne, III. 


L. W. Kunkler @ — from assist- 
ant manager, engineering services, 
Cleveland district of Air Reduction 
Sales Co., New York, to district man- 
ager of the Buffalo office. 


Carl F. Joseph @ — retired as tech- 
nical director of the Central Foundry 
Div. of General Motors Corp., Sagi- 
naw, Mich., after 43 years with 
G.M. 


Walter E. Littmann @ — from sec- 
tion chief to chief research metal- 
lurgist, Timken Roller Bearing Co., 
Canton, Ohio, succeeding Arthur L. 
Christenson @, now assistant to the 
general manager, steel and tube op- 
erations. Chester F. Jatczak @, a 
research metallurgist, holds Dr. Litt- 
mann’s former position as section 
chief in physical metallurgical 
research. 
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How the choice of a cutting 
fluid affects your costs 


Often—perhaps too often—the sup- 
plier of cutting fluids for machining 
or grinding, points to the quality of 
the work and totally ignores its sur- 
prising counterpart—a lower over- 
all cost of operation. 

Many a user of petroleum-base 
fluid might never notice the over- 
sight. A better fortified coolant, 
which costs more per gallon, would 
not seem to reduce the final cost of 
the work, although it can readily be 
proven to produce better machined 
parts. 

But it is pertinent to examine more 
closely the cost factors. The facts 
may surprise machine shop men who 
have not fully considered all the 
items which influence their costs. 
The measurable, tangible cost factors 
are these: 

e Initial cost 

e Cost of mixing 

Production rates 

e Tool or wheel life 
Machining cost 
Overhead 
Cost of cleaning 
Life of the fluid 
Cost of rejects 
Reworking costs caused by rust 

A comparison of first cost with 
final cost per piece, made on the 
basis of long experience with both 
conventional water-soluble oils and 
the newer chemically conceived fluids 
reveals some astonishing figures. Just 
a quick glimpse: 

e The modern fluid costs about 
four times as much as the old sol- 
uble oil. 

e But that modern coolant can be 
cut with three times as much water 
as the oil-base fluid. 

e The modern coolant requires 
less make-up. 

e It lasts over six times as long as 
the oil emulsion—contains nothing 
to make it turn rancid. 

e It enables faster production— 
machines can be speeded up. 

e It requires less frequent empty- 
ing and cleaning of machines. 

e The over-all cost of coolant per 
piece produced has repeatedly proved 
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to be upwards of 40°7 less with a 
good chemically conceived coolant 
than with a conventional soluble oil! 

There are intangibles, too, which 
are not as measurable, but which 
affect both cost and quality. To men- 
tion a few: Cleanliness of shop, op- 
erator satisfaction, visibility of work, 
smoke problems, accuracy of work, 
adaptability to a wide range of jobs, 
and safety (fire hazard, slipperiness 
of floors, etc.). 

It is illuminating to examine all of 
these direct and indirect influences a 
cutting fluid can exert. Little wonder 
that it is termed the “third leg” of 
the base on which successful ma- 
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chining depends—the others, of 
course, being the tooling and effi- 
ciency of the machine itself. 

Our concern is with the fluid itself, 
because Houghton has made and 
supplied many types through the 
past half-century. 

Our recent successes have been 
with the chemically conceived types 
of coolants, scientifically fortified to 
do a double job of improving quality 
and cutting final costs. Hocut 237 isa 
perfect example of such a coolant. 
Data on its applications and availa- 
bility will gladly be supplied. 
E. F. Houghton & Co., 303 W. 
Lehigh Ave., Philadelphia 33, Pa. 


Houghton 


‘NDUSTRY's 
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Cast 


A design of the 
A. F. Holden Co., 
Detroit, Mich. 


BETTER 


@ Alloy for alloy, itis stronger than 
statically cast, rolled or extruded pipe. 

@ Alloy for alloy, it has a denser grain 
structure. 

@ Alloy for alloy, such pipe or tubing is 
practically free of blow holes and 
pockets which are thrown out by the 
centrifugal force. 


We have shop facilities for assembling centrifugally cast pipe or tubes with other 
high alloy castings into processing equipment; as for example, the radiant heating 
unit which is illustrated. 

With experience in high alloy static castings going back to 1922 and in 
centrifugal castings back to 1933, both pioneering starts in this country, our 
metallurgists and foundry men offer tops in experienced personnel. 


Send for Bulletin G-159. 


\ 3 OFFICE AND PLANT: Scottdale, Pa. 
= ee EASTERN OFFICE: 12 Eost 41st Street, New York 17, N. Y. 
CHICAGO OFFICE: 332 South Michigan Avenue 
DETROIT OFFICE: 23908 Woodword Avenve, Pleasant Ridge, Mich. 
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Personals . . . 


Jerome B. Cohen, assistant pro- 
fessor, department of materials sci- 
ence, Northwestern University — 
received the Robert Lansing Hardy 
Award of the Metallurgical Society 
of A.I.M.E., awarded in recognition 
of a metallurgist, under the age of 
30, who shows exceptional promise. 


Harry P. Croft — now vice-presi- 
dent, research, for the Copper 
Range Co., Boston. 


Henry E. Frankel — from the Na- 
tional Bureau of Standards to the 
staff of the satellite applications sys- 
tems division of the National Aero- 
nautics and Space Administration at 
the Goddard Space Flight Center 
in Greenbelt, Md. 


Gail B. Hamilton, Jr. — from man- 
ager, marketing development and 
research for the industrial heating 
department, General Electric Co., 
Shelbyville, Ind., to manager of 
process automation sales at G.E.’s 
industry department — in 
Salem, Va. 


control 


William G. Pfann, metal research 
specialist, Bell Telephone Laborato- 
ries — received the 1960 Professional 
Progress Award of the American In- 
stitute of Chemical Engineers rec- 
ognizing “outstanding progress in 
the field of chemical engineering”. 


Niranjan M. Parikh — now a sen- 
ior metallurgist in the metals re- 
search division of Armour Research 
Foundation of Illinois Institute of 


Technology. 


Louis O. Schaefer — now works 
manager of the steel fabricating di- 
vision of the Austin Co., Cleveland. 


Joseph G. Wortley — from general 
manager of the Kenilworth (N.].) 
plant of Jones & Laughlin Steel 
Corp.’s Stainless and Strip Div., to 
president of the Penn-Harris Steel 
Co., Harrisburg, Pa. 


William A. Singer, chairman of 
the board of Apex Smelting Co., 
Chicago — received the Second An- 
nual Phoenix Award of the Phila- 
delphia Metals Assoc. 


Harry Schwartzbart — from super- 
visor of welding research to an as- 
sistant director of metals research 
at Armour Research Foundation of 
Illinois Institute of Technology. 
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Charge end of Drever Semi-Continvous an- 
nealing and quenching furnace for austenitic — 
wire. Below: Discharge end showing avto- — 


STAINLESS WIRE COIL ANNEALERS 


For semi-continuous annealing and quenching 


A push of a button after the operator has placed the coil on the charging fork 
sets off the complete automatic operation of this Drever Furnace handling 
austenitic stainless steel wire in coils. It is Drever engineered to process coils 
through both furnace and quench on the basis of a short heating cycle and 
minimum scale build up. 


DREVER ADVANCED ENGINEERING 


Complete heat treating systems that can meet today’s higher and higher require- 
ments for product quality combined with the economic necessity for semi- 
continuous or completely continuous operation, demand the design knowledge of 
highly specialized engineers. The Drever engineering staff has had extensive 
experience in every phase of industrial furnace engineering. 


DREVER ENGINEERING FOR YOU 


Your own requirements in industrial furnaces may be far afield from that shown 
here but you might want to consult with our engineers. Write or phone us. Drever 
Company, Bethayres, Pa. Wilson 7-3400. 


INDUSTRIAL FURNACES 
ENGINEERED TO YOUR PARTICULAR REQUIREMENTS 


ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES 
IN FRANCE, GREAT BRITAIN, GERMANY, ITALY, JAPAN AND INDIA 


Circle 1146 on Page 48-8 


| 
— » 
a 
| 


Metals Engineering § 


--- Interpretative Reports of World-Wide Developments 


Aging Refractory Metals 


Digest of “Strain Aging of 
Refractory Metals”, by A. C. 
Imgram, DMIC Report 134, 
Aug. 12, 1960, Defense Metals 
Information Center, Battelle 
Memorial Institute. 


ODAY, PRIMARY INTEREST in re- 

fractory metals is high- 
temperature structural applications 
such as jet, rocket, or nuclear en- 
gines, as well as in space vehicles 
and missiles. Although major re- 
search emphasis has been directed 
toward difficulties in fabrication, 
low-temperature brittleness and 
high-temperature oxidation, it can 
be assumed that since most refrac- 
tory metals have a_body-centered 
cubic crystal structure, the phenom- 
ena of strain aging will also affect 
their mechanical properties in a man- 
ner similar to the way it affects the 
mechanical properties of steel. It is 
therefore of interest to examine the 
strain aging behavior of this class of 
metals. In this report, the author 
reviews the data of various investi- 
gators, giving descriptions of testing 
conditions and experimental tech- 
niques where they are of specific in- 
terest or have a significant bearing 
on the results. 

The refractory metals considered 


and their respective crystal struc- 
tures are listed below: 


Group V-A Group VI-A 
V — bee Cr — bee 
Cb — bee Mo — bcc 
Ta — bee W — bee 


Group VIII-A 
Platinum-Group Metals 
Ru — hep Os — hep 
Rh — fee Ir — fee 
Pd — fee Pt — fcc 


A discussion of the theory of 
strain aging (based largely on the 
dislocation models proposed by Cot- 
trell) is presented to establish a base 
for the interpretation of strain aging 
phenomena in selected metals. Cot- 
trell has pictured the strain aging 
phenomena in body-centered cubic 
metals as a result of diffusion of in- 
terstitial solute atoms to positions of 
lowest energy in the stress field of 
dislocations. A segregation of inter- 
stitial solute atoms at dislocation 
lines (Cottrell atmosphere) restricts 
their movement and is the cause of 
yield point discontinuities. In 
strained specimens, the return of the 
vield point is associated with the dif- 
fusion of interstitial solute atoms 
back to the dislocation line after the 
specimen has yielded and the dislo- 
cations have been pulled free of their 


locking atmospheres. Maximum 
points in strength-temperature curves 
and serrated stress-strain curves are 
attributed to the continuous diffusion 
of interstitial solute atoms to the 
vicinity of moving dislocations as a 
specimen is being strained. It is 
thought that substitutional solute 
atoms are responsible for the strain 
aging behavior of face-centered 
cubic and hexagonal close-packed 
metals. 


Review of Experimental Studies 


Representative examples of the 
numerous experimental works cited 
in this paper, and the interpretations 
offered by the author, are presented 
for each of the three groups of the 
refractory metals. The body- 
centered cubic refractory metals of 
Group V-A all have ductile-to-brittle 
transition temperatures below room 
temperature and are relatively sensi- 
tive to strain aging. Thus, in one 
investigation Pugh investigated the 
behavior of powder metallurgy tanta- 
lum sheets between 195 and 1200° 
C. (885 and 2190° F.). The mate- 
rial was annealed in vacuum to pro- 
duce a recrystallized grain size of 
A.S.T.M. 6 to 7. Interstitial con- 
tent was 0.0056% oxygen, 0.01% 
nitrogen, and 0.02% carbon. Mini- 
mum points were detected in the 
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MESTA 56” Four-High > Mill for Rolling Stainless, Silicon, High-Alley, 
and Carbon Steels at Allegheny Ludlum Steel Corporction 


Designers and Builders of Complete Steel Plants 


MESTA MACHINE COMPANY 


PITTSBURGH, PENNSYLVANIA 
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Chromel-Alumel 


THERMOCOUPLE ALLOYS 


a complete family 

of time-tested materials 
developed especially to meet 
your particular application 


requirements 


Remarkable alloys, Chromel and Alumel—in many more ways than one. 
For although they were discovered over 50 years ago, they’re still new 
today. As new as the newest need for accurate temperature measurement — 
still the only base metal thermocouple alloys known that have proved their 
reliability over the entire range of temperatures from —300° up to +2300°F. 
What’s more, in addition to the original standard materials guaranteed 
to register true temperature-emf values within +4°F. from — 300° up to 
+530°F. and within +0.75 % from +531°F. up to maximum recommended 
operating temperature, they are now available in the following special grades 
to meet the exacting requirements of your particular applications: 


developed expressly for use in 


reducing or corrosive environ- 
ments — with temperatures in 


the evitical operating range be- 


tween 1800° and 1900°F. 


Specification 3G-170 


Specially processed Chromel and 
Alumel thermocouple grade wires 
matched to closer than standard 
emf tolerances for applications 
requiring accuracy within +5°F, 
at temperatures above 1000°F. 


Specification 3G -161 


Guaranteed millivoltage Chromel 
and Alumel thermocouple grade 
wire specially processed to pro- 
vide a smooth, bright, semi-hard 
material properly tempered for 
cold-heading operations. 
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Specification 3G-196 


A special grade of Alumel wire 
possessing outstanding resist- 
ance to oxidation at high temper- 
atures. Developed especially for 
use in such atmosphere appli- 
cations operating above 1600°F. 


Specification 3G-178 
Special research grade Chromel 
and Alumel thermocouple wires 
for precision laboratory work. 
Accuracy is guaranteed within 
2°F. from —300° up to +530°F., 
and. + %% from 531° to 2300°F 


Specification 3G-213 


Guaranteed millivoltage Chromel 
and Alumel thermocouple grade 
alloys supplied in the form of hot 
rolled rod and cold drawn wire 
specially processed to obtain 
proper temper for machining. 


4445 Lawton Avenue 


apecial grade of Chromet and 


Specification 3G-115 


Chromel and Alumel thermocouple 
grade material of guaranteed emf 
that is specially processed to close 
resistance limits. Typical uses in- 
clude measuring exhaust tem- 
peratures of jet aircraft engines. 


Specification 3G-187 


A special grade of Chromel and 
Alumel thermocouple wire devel- 
oped for use in nuclear reactor 
applications. Has good stability of 
emf during long time exposure at 
temperatures up to 1000°F. 


Alumel wire processed for use 


in sheathed thermocouple units. 
Available with emf guaranteed 


to within standard tolerances 
‘and also standard limits. 


Complete New Catalog-Manual contains detailed in- 
formation on the entire family of Chromel-Alume] 
thermocouple grade alloys—plus much helpful tech- 
nical application data. Write for your copy today! 


*The words ‘“‘Chromel” and “‘Alumel” are registered trademarks of 


HOSKINS MANUFACTURING COMPANY 
Detroit 8, Michigan 


In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of Custom-Quality Resistance, Resistor and Thermoelectric Alloys Since 1908 
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strain rate and elongation-tempera- 
ture curves at 200 and 600° C. (390 
and 1110° F.). This closely cor- 
responds to the temperatures at 
which maximum points were ob- 
served in the curve of strain hard- 
ening exponent against temperature. 
Maximum points were detected in 
the curve for both yield strength 
and ultimate tensile strength against 
temperature at approximately 300° 
C. (570° F.). An indication of an- 
other maximum point in both 
strength curves suggests that two 
different interstitial atomic species 
are producing strain aging effects. 

This investigation also included 
return of yield point tests. Ini- 
tially, the specimen was loaded to 
about 0.04 strain at —73° C. (—95° 
F.) and was then unloaded. Imme- 
diate reloading at the same tempera- 
ture resulted in a smooth continua- 
tion of the flow curve. Reloading 
after aging at 227° C. (445° F.) 
for 10 min. resulted in the reappear- 
ance of the yield point and a slightly 
higher flow stress. The slightly 
higher flow stress was attributed to 
strain aging. Insufficient data were 
available to calculate the activation 
energy of strain aging. 

In another investigation, re- 
searchers studied the effects of inter- 
stitial carbon, nitrogen and oxygen 
on high-purity (60 ppm. total inter- 
stitial content) electron beam melted 
tantalum by separately adding 560 


Fig. 1 — Tensile Strengths of Tanta- 
lum With Various Grades of Purity 
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ELECTROLYTIC POLISHER 


The Carl Zeiss Jena Electrolytic Polisher is the only instrument in the world permitting 
constant observation of the etching process. Elimination of stop-and-start, trial-and- 
error specimen preparation results in tremendous time saving and increased accuracy. 


e Electrolytically removes layers from specimen surface under controlled conditions 
¢ Polisher is completely closed during operation protecting user from contact with electrolyte or live 
electrical parts 
¢ Automatic safety interlock stops electrolytic action when unit is opened 
e Specimen size up to 30 mm. high x 100 mm. diameter 
e Microscope provides 210X magnification 
Easily adaptable tc photomicrographic studies 
of External power supply unit included 


scientific 


progress 


NEOPHOT-—Research Metallographic Microscope 


Modern, incident-light, photo-microscopy has a strong ally in the Carl Zeiss Jena Neo- 
phot, an extremely accurate research metallograph priced as a routine instrument. 


e Optical system corrected to produce highest resolution and flatness of field obtainable 

Highly flexible . . . bright field, dark field, polarization, phase contrast 

¢ Three individual photographic systems permit a succession of imaging scales from 0.5:1 to 1600:1 
e Microhardness Tester (model 032) available as accessory unit 


Complete information may be obtained from your local Carl Zeiss Jena instrument dealer or by writing: Dept. MP 3/61 


E Ke Cc @) ia Ercona Corporation, Scientific Instrument Division, 16 West 46th Street, New York 36, N.Y. 
In Canada: Jena Scientific Instruments Ltd., 1437 MacKay Street, Montreal, Quebec 
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etolerances 
*soundness 
*intricacy 


Believed Impossible 


WAUKE-SHA CASTINGS 


Before now .. . it was thought impossible to cast alloys to di- 
mensional tolerances of =-.005, without expensive machining. 


Exclusive Wauke-Sha ceramic molds prevent voids, even 
with light and heavy adjacent sections, reproduce hairline 
intricacies without porosity or surface blemish. Only this 
patented Wauke-Sha process assures: 


@ intricate parts with no costly machining 
hairline reproduction of detail 


no cracking or tearing 


@ no porosity, internal voids, cracks 


no surface gas holes, blemishes, inclusions 


Wauke-Sha castings make possible full design flexibility 
without limitation on casting size. Every day ... Wauke-Sha 
castings are meeting the severe conditions in the nuclear 
field, where “soundness” is imperative. 


WAUKESHA FOUNDRY CO. 
Dept. F 26, Waukesha, Wis. 
Manufacturers of corrosion-resistant castings, 


inclusive of non-galling alloys, Stainless 
Steel, Waukesha Metal, Monel, Pure Nickel, 


fowntty lompany Inconel, Ni-Resist, plus special Nickel- 


Chromium Alloys for specific applications. 
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ppm. oxygen, 955 ppm. carbon, and 
225 ppm. nitrogen to three different 
heats of the high purity stock. Flat 
tensile specimens, prepared with a 
0.035 and 0.250 in. reduced section, 
were tested at various temperatures 
covering the ranges between 25 and 
600° C. (77 and 1110° F.). The 
results of these experiments are sum- 
marized in Fig. 1. Serrated stress- 
strain curves were observed with 
the tantalum-nitrogen alloy in all 
tests conducted above 225° C. 
(435° F.). The most pronounced 
effect was at 300 and 330° C. (570 
and 625° F.). With the tantalum- 
oxygen alloy, serrations were noted 
at 135 and 245° C. (275 and 475° 
F.). Serrations were obtained for 
the tantalum-carbon alloy at all 
testing temperatures except 25 and 
838° C. (77 and 640° F.). The 
relation proposed by Cottrell pre- 
dicting the point at which pro- 
nounced serration will occur was 
used to calculate the minimum tem- 
peratures at which serrated stress- 
strain curves should be observed due 
to each interstitial solute. The cal- 
culated temperatures were 304° C. 
(580° F.) for oxygen, 474° C. (888° 
F.) for carbon and 582° C. (1075° 
F.) for hydrogen. Therefore, the 
observed strength peaks in the vicin- 
ity of 300° C. (570° F.) were 
attributed to interstitial oxygen, 
while the strength peak at approxi- 
mately 450° C. (840° F.) in the 
tantalum-carbon alloy was_attrib- 
uted to interstitial carbon. It was 
predicted that at higher testing tem- 
peratures a strength peak due to 
nitrogen would appear. 

The body-centered cubic refrac- 
tory metals in Group VI-A are less 
affected by strain aging than are 
those in Group V-A, and they have 
ductile-to-brittle transition tempera- 
tures above room temperatures. 
Pugh has investigated the tensile 
properties of as-swaged and recrys- 
tallized arc melted molybdenum 
from 29° C. (84° F.) to over 1100° 
C. (2010° F.). Recrystallized speci- 
mens annealed at 1000° C. (1830° 
F.) for 4 hr. developed a recrys- 
tillized grain size of 500 grains 
per sq.mm. Interstitial content was 
0.0003% oxygen, 0.003% hydrogen, 
0.001% nitrogen, and 0.05% carbon. 
Tensile specimens were tested at a 
strain rate of 0.2 in. per in. per 
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SANDVIK 


SPRING STEEL 


Earns Its Pay By 
PRECISE PERFORMANCE 


Where performance is important, Sandvik spring steel 
quality is well worth its price. Many spring steel users have 
found that Sandvik delivers the exact performance they 
want under their tools and in their products. 

Sandvik’s purity, small lot proc- 


essing and painstaking quality control 
assures your money’s worth in consistent 
quality performance. 

In addition to the wide variety of 
qualities and sizes carried in stock, 
Sandvik has local facilities for custom- 


processing and finishing to your require- 
ments. 

For specific physical properties plus 
accurate flatness, straightness, width, 
gauge and edge finish, specify a Sandvik 
spring steei. 

Send for free brochure on various 
Sandvik cold rolled and hardened and tem- 
pered strip steels. 


K STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. SWarthmore 7-6200 
N.Y.C, ALgonquin 5-2200 


Branch Offices: 
Cleveland * Detroit * Chicago * Los Angeles 
SANDVIK CANADIAN LTD. P.O. Drawer 1335, Sta. O. Montreal 9, P. Q. 


Works: Sandviken, Sweden 
i OROMANT T 
cakbibe tonvero 
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For HIGH Pumping Speed and 
LOW- LOwW- low Ultimate Pressure 


® 


KMB-30 


MECHANICAL BOOSTER 
HIGH VACUUM PUMP 


30-KC 5 


Totol ond Partial! Pressure 


ATMOSPHERE + 


+—+ 

+ 
Tore! Pressure 

+—+ 


Pumping speed 


PUMPING SPEED IN LITEM®S PER SECOND 


vA 


With a rated displacement of 30 cfm 
and starting from atmospheric pres- | 
sure, the KMB-30 attains ultimate 
pressure of .0005 micron as meas- 
ured on a trapped ionization gage. 
Obviously, this exceptional perform- 
ance has wide application in Elec- i 
tronic, Metallurgical, Chemical and am 
Nucleonic fields and excites partic- J 
ular interest in laboratories where 
clean, dry Vacuum is required. The 
KMB-30 is one of a large family of 
KINNEY High Vacuum Pumps which 
includes the most comprehensive se- 
lection of Single Stage, Compound 
and Mechanical Booster Pumps in the 
world. Full information on KMB-30 is 
contained in Catalog Bulletin 3180.1. 
Write for it today. 


| KINNEY VACUUM DIVISION 

|THE NEW YORK AIR BRAKE 
| ssssc WASHINGTON STREET - BOSTON 30 - MASS. 


Please send me Kinney Bulletin 3180.1. Also include in- 
formation on other KINNEY High Vacuum components. 


Name 
| Company 
| Address 


1 City Zone 
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min. All tests with the exception of 
those at room temperature were con- 
ducted in vacuum. For the as- 
swaged material, maximum points 
were detected in the yield strength, 
ultimate tensile strength, and strain 
hardening exponent curves at about 
730° C. (1345° F.). A minimum 
point was also observed in the strain 
rate sensitivity curve at approxi- 
mately 550° C. (1020° F.). These 
data indicate that strain aging oc- 
curred between about 550 and 900° 
C. (1020 and 1650° F.). In the re- 
crystallized material, the tempera- 
ture dependence of these properties 
was similar but varied in magnitude. 
Maximum and minimum points were 
not as distinct as those observed for 
the as-swaged specimens. Thus the 
likelihood of strain aging between 
300 and 800° C. (570 and 1470° 
F.) is indicated. 

The strain aging behavior of the 
platinum group metals (ruthenium, 
rhodium, palladium, osmium, irid- 
ium and platinum) were considered 
together, although rhodium, palla- 
dium, iridium, and platinum have a 
face-centered cubic crystal struc- 
ture, and ruthenium and osmium 
have a hexagonal close-packed crys- 
tal structure. Although the high- 
temperature behavior of these metals 
is similar to that of the body- 
centered cubic refractory metals, it 
seems improbable that interstitial 
solute atoms can interact with the 
shear field of screw dislocations in 
face-centered cubic or hexagonal 
close-packed crystals. Regardless of 
the true nature of dislocations in 
close-packed crystals, it is thought 
that only substitutional solute atoms 
can interact with them. This sug- 
gests that yield point and _ strain 
aging effects in face-centered cubic 
and hexagonal close-packed crys- 
tals are associated with the diffusion 
of substitutional solute atoms to 
positions of lowest energy in the 
stress field of dislocations where they 
can retard the movement of dislo- 
cations under applied stress. 

Holden and others have deter- 
mined the temperature dependence 
of the tensile properties of annealed 
ruthenium, rhodium, palladium, irid- 
ium and platinum. Tensile speci- 
mens (representing each material at 
several purity levels) were tested at 
a strain rate of 0.0075 in. per in. per 
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Large beryllium pressings for nuclear and missile applications produced for General Electric Company. 


BERYLCO-Setting the Pace in Beryllium by 
Putting Proven Research Principles into Production 


BERYLCO’s consistent research leadership is 
simplifying the transition from laboratory to 
production line for aircraft and missile makers 
using beryllium. Chemical and spectrographic 
analysis, physical and mechanical property re- 
search, and pilot plant studies help produce rigid 
quality control procedures as well as a constant 
source of new testing data. BERYLCO can also 


supply an experienced staff of field and plant 
technicians to assist you in your own product 
development, or product re-design, with beryl- 
lium. Call them in when you first start think- 
ing about the advantages beryllium can add 
to your product’s performance. Their ideas 
may help you eliminate some of those time-con- 
suming steps between testing and production. 


GQ THE BERYLLIUM CORPORATION 


® Reading, Pennsylvania 


Spectro a analysis of BERLYCO beryllium Conductormetric carbon determination e High temperature) beryilium research is another 
is important in controlling quality and assuring ment is used to assure that both BERYL 0": s segment of BERYLCO service that can speed 


proper composition. and government specifications are met. your product development. 


MARCH 1961 Circle 1153 on Page 48-B 


: 
4 
2 4 
2 
| 
| 
. 


Refractory Metals . . . 


min. Peaks in the strength-tempera- 
ture curves, indicating the likelihood 
of strain aging, were detected at 
about 300° C. (570° F.) for rho- 
dium, 250° C. (480° F.) for palla- 
dium, 500° C. (930° F.) for iridium, 
and 250° C. (480° F.) for platinum. 
Data for the temperature depend- 
ence of tensile properties of osmium 
are not yet available. The substitu- 
tional atoms responsible for this 
behavior are not known. 


In other research, peaks have been 
noted in the hardness-annealing tem- 
perature curves of platinum, palla- 
dium and rhodium at a temperature 
slightly below that at which crys- 
tallization begins. This may be due 
to the thermally induced migration 
of solute atoms back to the stress 
fields of dislocations which can cause 
an increase in yield strength and 
consequently in hardness. Therefore, 
these peaks may be considered an 
indication of strain aging. 

Strain aging has been discussed 
in terms of strain-induced diffusion 


Cooke M12 metallurgical microscopes 
give you superior optical performance . . . 


new design for a new standard of convenience in use. . . 


new versatility of application . . . 
Model M12 BU, illustrated, 60X-1000X . . . $513.50 
Send for more details on this and other models for 


all routine and research techniques. 


COOKE, TROUGHTON & SIMMS, iwcorporatep 


91 WAITE STREET, MALDEN 48, MASSACHUSETTS * IN CANADA: 77 GRENVILLE STREET, TORONTO 
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of solute atoms to positions of low- 
est energy in the stress fields of 
dislocations. The interaction of 
solute atoms with dislocations then 
restricts the movements of the dis- 
locations resulting in the appearance 
of a yield point and other strain 
aging effects. It is thought that 
interstitial solute atoms are respon- 
sible for the strain aging behavior 
of body-centered cubic metals while 
substitutional solute atoms are re- 
sponsible for strain aging behavior 
in the face-centered cubic and hex- 
agonal close-packed metals. Indi- 
cations of strain aging are: 

1. Return of yield point in strained 
tensile specimens. 

2. Serrated stress-strain curves. 

3. Maximum points in strength 
and strain hardening exponent versus 
temperature curves. 

4. Minimum points in ductility, 
and rate sensitivity versus tempera- 
ture curves. 

5. Stepped creep curves. 

Care must be taken not to con- 
fuse strain aging with other aging 
or precipitation mechanisms. Com- 
pound formation or any other purely 
precipitation mechanism will often 
result in similar effects. 

In many situations, there are not 
enough data available to provide a 
rigorous comparison with proposed 
theory. However, good correla- 
tion in several instances, together 
with excellent agreement found 
between theory and experimental 
observations in iron and steel, leads 
to the acceptance of the dislocation 
models for strain aging proposed by 
Cottrell. 

A bibliography of 47 references is 
included. W. W. Austin 


MAGNETIC PROPERTIES 
OF METALS AND ALLOYS 


Here is a complete treatment 
of the newest advances in mag- 
netics, written by 17 outstanding 
scientists and engineers. This 
book discusses the most. signifi- 
cant advances in magnetic phe- 
nomena—the basis of future 
developments and _ technologies 
in the expanding electronics and 
electrical industries. Presented 
in 13 clearly written, illustrated 
chapters with eight appendices. 
349 p.—6 x 9—cloth bound — 
ASM members $10.00/nonmem- 
bers $12.00; overseas postage 
$1.00. Clip and mail to Technical 
Book Dept., ASM, Metals Park, 
Novelty, Ohio. 
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QUEOUS SYSTEM 


Eliminates RUST 
& 


Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 
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The Buyers Guide 
For Metals Engineers 


Wa nt Precise 


Investment Castings? 


Cet High Production 


with Finer Finish! 


Ueo @ Sherwood Wax 
Presses, 


@ Saunders “Blue Wax", 
@ Refractory Materials 
@ Fluidized Beds, 

@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 
or complete catalog! 


Alexander. Saunders 


INC. 
95 Bedford Street, New York 14, N. Y. 
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specialists in 
metal surface treatments 


KENVERT Coatings, 


Bright Dips and Chemical Deburrings— 
Aluminum, Copper, Brass, Zinc, Cadmium, 
Zinc Die Castings 


KENVERT Compatible Brighteners— 


Zinc, Cadmium 


KENVERT puting compound Remov. 


ers, Synthetic Detergent Type—All Metals 
Write for general summary Fact Sheet with 


details for over 50 products. 
CONVERSION 
CHEMICAL 
CORPORATION 


101 E. Main St., Rockville, Conn. 
Phone: TRemont 5-3357 
LICENSEES: 


Nicromatic Ltd., Toronto, Canada 
Silvercrown Ltd., London, England 
Dr. Schlotter, Geislinge Steige, Germany 
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LA-CO 
Aluminum Soldering Flux 


Now ... Solder Aluminum 
with ordinary soft solders 


®Use 60-40, 50- 
50, 40-60, 95-5 
solders 

®No new solder- 
ing techniques 

®Non-acid .. . 
Self-cleaning 

A major break- 
through in alu- 
minum fabrication. 
Use ordinary soft 
solders . . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 

Write for sample, or 

engineering help on 


{ j any fluxing problem. 

/L LAKE Chemical Co. 
3079 W. Carroll Ave., 

Chicago 12, Ill. 


ena 


Silver Solder Flux 
Greater speed and economy 
for all silver 


Packed in tins 

Will not harden 

®Non-acid . . . 
Self-cleaning 


For all silver sol- 
dering in 1125° to 
1700° F. heat range. 
Dissolves all refrac- 
tory and non-refrac- 
tory oxides . . 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
ways-ready paste form .. . will not harden 
or crystallize. 


Write for sample, or 
/ Lf cny problem. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 


‘Ca 
os Chicago 12, Ill. 


Stainless Steel & Chrome 
Soldering Flux 


Safer... Surer...Cleaner 


*Doesn't stain 
*Non-acid 
*Self-cleaning 


For soldering all 
stainless steel and 
chrome, including 
300-400 Series, with 
ordinary soft sol- 
ders. Requires no 
pre-cleaning. Acid- 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form. 


Write for sample, or 
neeri help on 


j any fuxing problem. 
[E LAKE Chemical Co. 
3079 W. Carroll Ave., 
Chicago 12, Ill. 
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ror ACCURATE 
Rockwell hardness 


eEvery Wilson 
‘‘Brale’’ Diamond 
Penetrator is iden- 
tical in angle and 
radius. 

@Only flawless dia- 

monds, free from 

cracks or chips, are 

used. 


@ Microscopic inspection and a com- 
parator test of each diamond 
assures consistent quality. 

e Each penetrator is proof-tested 
under heavy load. 


e@Special penetrators available for 
testing unusual areas. 


Write for Catalog RT-58 for details 
on Wilson ‘“‘Brale’’ Penetrators 
plus the complete line of Wilson 
Rockwell hardness testers. 


WILSON "ROCKWELL" 
HARDNESS TESTERS 


Wilson Mechanical ACCO 
Instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N. Y. 
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TEST WIRE, FOIL 
FAST... AT LOWEST COST! 


VERSATILITY and ECONOMY are key features 
of the Scott Model CRE Electronic Tester. You get 
ultra-high accuracy of inertialess electronic weigh- 
ing . . . plus effortless, error-free, push-button 
testing. Stress-strain data “picturized” on strip 
chart. Ample magnification for detailed analyses. 
Interchangeable test capacities to 1000 lbs. For 
facts on Model CRE Tester, write Scott Testers, 
Inc., Blackstone St., Providence, R. 1. Tel: 
DExter 1-5650 (Area Code 401). 


SCOTT 
TESTERS 


THE SURE TEST... SCOTT! 
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MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


EPOXY 
GUIDE 


Interested in modernizing your pro- 
duction? Get this handy reference 
guide on epoxy adhesives, coatings, 
sealants, and plastic alloys... with- 
out cost or obligation. 

Just write us on your company 
letterhead and ask for a complimen- 
tary copy of Resiweld Book #2. 


H. B. Fuller Co. 
ST. PAUL , MINN. 
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MULTI & SINGLE FREQUENCY 
EQUIPMENT 


Eddy current equipment for non-destructive 
testing of non-magnetic metal tubing, bars, 
wire, Ye” to 3” dia. at test speeds from 200 
to 600 fpm. Multi-frequency unit offers 6 
simultaneous inspection methods to indicate 
surface and subsurface flaws, or variations 
in mechanical, physical, and metallurgical 
properties. The single frequency unit offers 
one inspection method to indicate flaws only. 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 
and parts. 
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This 
Bulletin Board 


Section 
of 


METAL PROGRESS 


is a good spot 


to reach 33,000 ASM 
member-readers 
who buy 


Materials 
Process equipment 
Testing equipment 


ADS RUN FOR 
THREE CONSECUTIVE MONTHS 


This explains the low price of 
$75 per 1/9 page beginning 
with April 1961. Color is free 
in 2/9 or 3/9 sizes. 


by 3 in. 


2/9 page... by 6-5/16 in. 
or 4'2 by 3 in. 


by 95% in. 
or 6% by 3 in. 
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Metals Park, Novelty, Ohio 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 


bench 


SHORE INSTRUMENT & MFG. CO., 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent 
Rockwell 

Numbers. May be used 
freehand or mounted on 


OVER 40,000 


1907 


Brinell & 
C Hardness 


clamp. 


IN USE 


Inc. 
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DL-1001 
TEST BAR 
PA — 
0-50 


HALLER, INCORPORATED 


16580 Northville Rd. 


MULTI MOTION DIES*.... 
FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS .... 


Tensile Bors 
Transverse Bars 
Green Strength 
Bushings 

Slugs 


© Stepped Parts 

Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in 
presses. 
“PATENTED 


lab 


Northville, Mich. 
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Nothing Is Too 


Intri 


cate 


Or 
Difficult 


For Ak 


Alumilite 
Anodizin 


[ 


From the simplest 
to the most complex 


XTRUDED ALUMINUM 
SHAPES To Your 


Specifications 


Send for stock die catalog 
or send rough sketches for 
help with your design. 


JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 


METAL 
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PROGRESS 


The first commercial unit 
for recovering gold is now 
available. It is designed for 
any acid or non-free cyanide 
golds. Technic Gold Saver 
removes and traps the gold in 
your dragout and rinse 
waters. 


SAVES THE GOLD YOU NOW LOSE 
SIMPLE TO OPERATE 
A HIGHLY PROFITABLE INVESTMENT 


Technicinc’ 


POBox 965 
e,1 


Plant: Cranston, R. |. 


STvart 16100 


Chicago Office: 7001 No. Clark St. 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


e@ instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

e Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 


Whitelight 
MAGNESIUM 


your RODS dia. dia. 
BARS, STRIPS .022” min.te max 
SHAPES .022” min. to 


ircle 
TUBING 0.0. te 6” 0.0. 
HOLLOW SHAPES to61<” circle 
alley. PLATE & SHEET .092” to 3” thick 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. e@ Warsaw, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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AZé6! 
AZ80 
ZK60 
ZK-20 


U.S. Patent No. 2,896,511 
Other Potents Pend. 
U.S. end Conode 


@ Now with the TENSILTWINS, what- ““4s 

ever your testing methods or materials, 

you can have perfect precision ma- 

chined physica! test speciments in less 

than two minutes. 

@ TENSILKUT precision machines all foil, film, sheet 

and plate metals from .0005” foil to .500” plate. Hard 

001 stainless steel foil to soft Y2” aluminum, soft plastic 

film 1 mil in thickness or the abrasive glass laminates 

in .500” plate, are machined with specimen configura- 

tions accurate to * .0005”. Machined edges are com- 

pletely free of cold -working or heat distortion and re- 

quire no hand finishing 


@ TENSILKUT table and floor models are available with 
motors from Y2 to 2¥2 h.p. Write for free brochure. 


@ TENSILGRIND precision grinds phys- 

ical test specimens from high alloy 

refractory metais and hardened sheet 

and plate metals to RC 65. 

@ The test samples are precision ground by a series of 
light passes of the metal against a 7 inch diameter 
contoured grinding wheel. The matched master templates 
accprately control the specimen configurations to 
*.0005” and are interchangeable with TENSILKUT tem- 
plates. 


@ TENSILGRIND is mounted on a metal cabinet and 
includes a totally enclosed ¥2 HP motor, micrometer 
adjustments, built in radial diamond wheel dresser, and 
solenoid controlied misting system to insure cool grind- 
ing of test specimen edges. 


Write for descriptive literature. 


SIEBURG INDUSTRIES 
Dant Industrial Park, Danbury, Connecticut 
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TEMPERATURES 


~140°F. 


for 
© Research 
© Storage 


Seven styles...chest capacities 
from 1.5 to 6 cu. ft. Uprights 
© Seasoning up to 22 cu. ft. Temperatures 
© Testing to —140° are controllable 
within 1°, Immediate delivery. 

For FREE folder, “Selecting 

* a Low Temperature Cabinet,” 
ri write Revco, Dept. MP-11. 


Industrial Products Div., 


REVCO we. 
Deerfield, Michigan 
Setting Trends in Refrigeration Since 1938 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Canada—Hamilton, Ontario 
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KE 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
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15 Day FREE Trial 


Guarantees Satisfaction 


Model 955 determines the thickness 
decorative and @avy chromium, 
silver, tin, cadmium, zinc, brass, copper, 
nickel, lead, and other metallic deposits 
on various base metals. 90-95% 
accurate . . . Direct reading... 


simple operation. 


KOCOUR COMPANY 


4806 sy 
+ ST. Lo 
CHICAGO 32, 
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HAS THE RIGHT FIXTURE FOR 
ALL YOUR FURNACE NEEDS 


The comprehensive Wiretex quality, economy line meets 
all types of heat treating furnace requirements. 
Phone Wiretex tay Send for literature 


ialists in P ing Carriers Since 1932. 


mfg. €0., 5 Mason Street, Bridgeport 5, Conn. 
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HELPS PRODUCE 
ANOTHER 
NEW PRODUCT 


This new Webcor tape recorder weighs 19 
Ibs., has a case with three vital parts of ex- 
truded aluminum by General Extrusions Inc 
G.E.1. engineers easily met the manufacturer's 
design specifications, then the arts were 
formed, drilled, punched, mitered, anodized 
and spray painted in G.E.I.'s modern plant in 
time to meet exacting delivery schedules. Why 
not let G.E.I. help get your new product off 
the drawing board and into production? 


GENERAL EXTRUSIONS INC. 
P. O. Box “J, 4040 Lake Park Road 
Youngstown 7, Ohio 
Sales Offices in St. Louis, Cleveland, Cincinnati, 
Pittsburgh and Chattanooga 


Consult Your Classified Phone Book 
Under Aluminum Products 
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Do you have literature 


searching problems? 


Find out about ASM’s new 
literature searching service. 
The subject of every current 
article about metals in 600 of 
the world’s leading magazines 
is recorded on electronic tape. 
Search may be for a broad 
category or for a particular 
subject. 


Documentation Service 


American Society for Metals 
Metals Park, Novelty, Ohio 


METAL PROGRESS 


Ask fo: 
WRITE, WIRE or PHONE 


FOR YOUR CATALOG edition! 


Star Stainiess 
heads 
Srar srain_ess scacw co. 


6 47 Union Bivd., Paterson2,N. J. 
CLifford6-2300°TWX :LTFSNJ-1382 
Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAInut 5-3660 
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corrosion 
RESISTANT § 


EDDY CURRENTS 
UNSCRAMBLE 
METAL MIXUPS 


(detect certain 
defects, too!) 


THE CYCLOGRAPH 


| Sorts automatically—and non-destruc- 
tively — accidentally mixed or incor- 

rectly processed metal parts by their 
metallurgical characteristics; Analy- 
sis, Structure, Heat treatment, Hard- 
ness, etc. Detects certain types of 
cracks and defects. 


Leading industrials everywhere use 
the CYCLOGRAPH as a quality con- 
trol inspection instrument or for sal- 
vage operations. Write for complete 
details. 


J. W. DICE 


COMPANY 
ENGLEWOOD 3, NEW JERSEY 


In Canada: Tatnall Measuring 
& Nuclear Systems, Toronto 
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to provide a work area for baskets. 


temperatures from ambient to 160°F. 


alkaline cleaners. 


Cleaning Equipment Catalog 


ROLL-AROUND 
ULTRASONIC 
CLEANERS 


These roll-around ultrasonic cleaning units, of 2-13 gallon 
capacities, consist of generator, transducer and counter top 
and are easily moved on large casters. Tanks, with bottom 
transducer coverage from 27-50%, are positioned off-center 


To operate, simply plug into a 115 volt line. No connection 
to drain or plumbing is required since the cleaners are 
drained by means of a flexible hose. Optional features in- 
clude 2-5 micron filter and heating elements which maintain 


Units can be used with solvents, detergents, mild acids and 


Roll-around ultrasonic cleaners are among the many units featured 
in National Ultrasonic Corporation’s new 32-page Ultrasonic 
Write on your compan 


letterhead for a free copy. 
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the QUENZINE STORY 


LOW PRICED, MORE READILY 

AVAILABLE CARBON STEELS 

can often 
replace 


The 
QUENZINE ALLOY STEELS 
wh 

STORY quenched in 

Quenching Oils with 


QUENZINE added. 
ucts 
- For information on 


this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write lO... 


ALL KLEER 208 
SOLUBLE 
CUTTING OIL 


best for all 

Machining Operations 
including Threading, 
Tapping and Broaching 

1 - Higher load-carrying capacity 

2 - Lower cost per gallon 

3 - Closer tolerance through better 
cooling 

4 - Higher film strength 

5 - Finer finish 


Write for sample, data & prices 


ALDRIDGE INDUSTRIAL OILS, INC. 


3401 WEST 140th ST., 


CLEVELAND 11, OHIO 
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PRECISION METAL STAMPINGS 
— ASSEMBLIES — 
METAL PARTS FABRICATION 


Complete Facilities for Engineered Stamp- 
ings and Fabricating to your Specifications. 


Over 40,000 Sq. Ft. of Manufacturing Area. 
42 Presses from 5 to 200 Ton. Deep Draw- 
ing—Spinning -Thread Rolling. Welding 
Riveting—Soldering. Dip & Spray Painting 
—Bake Ovens. Electroplating—Etching 
Embossing. Tool & Die Making—Precision 
Machining. Electrical and Mechanical As- 
sembly. Design—Development Facilities. 
Complete line of Inspection & Test Equip- 
ment. 


Write for our list of equipment or send 
your prints for a prompt quotation. 


DELTA STEEL COMPANY 
6261 West Grand Ave. 
Chicago 39, Illinois MErrimac 7-8420 
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make hardness tests 
ANYWHERE 


WITH THE 


NEWAGE 
TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
*@ NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

* SCALE READINGS IN ROCKWELL & BRINELL 

ACCURACY GUARANTEED 


Many thousands used by industry and government. 
Write, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown 
TUrner 48494 Dept. MP 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never in 
ACCURACY ND ; 
CONSTANCY of 

bration . . . at the 
standard 3000kg test 

load .. . maximum 

error plus or minus 

2, kg 


Write for Bulletin 
No. A-18 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3.N Y 
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Distortion in 
Tool Steels 


By Dr. B. S. Lement 


New book evaluates causes and 
preventive measures of size and 
shape distortions that occur in tool 
steels after heat treatment. 


173 pages $10.00 per copy 


Published, 1960 


American Society for Metals 
Metals Park, Novelty, Ohio 


Series H and D 


Hardening Range 
Drawing Range ... 
Four Standard Models 


2000° F and 2300° F 
800° F and 1750° F 
or special design to suit 


General Purpose Box Models 


100,000 
METALLOGRAPHIC SAMPLES 


POLISHED DAILY WITH 


Series 2000 and 2300 
Ten models 2000° F and 2300° F 
range 

All standard models include 
an automatic indicating con- 
troller and are wired ready 
to operate on standard line 
voltage. Write for bulletins 
A-59 and B-59. 

Electra Products manufactures 
furnaces for semiconductor 
diffusion processes, sintering, 
glass annealing and process- 
es requiring temperatures up 
to 3000° F. 

{inquiries are invited—no obligation 


Territories available 
Series H &D for representatives 


ELECTRA PRODUCTS CO. 
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DISA - ELECTROPOL 


® Quick exchange of electrolytes 
©® “On the spot” polishing 
attachment 
®@ Includes components for 
external etching 
® Increased polishing area 
Literature 
WILLIAM J. HACKER & CO., INC. 
Box 646, West Caldwell, N. J. Capitol 6-8450 
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Series 2000 
Montgomeryville, Pa. 
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HUPPERT ELECTRIC FURNACES AND OVENS 


for Laboratory and 


Plant 


FLOOR MODELS 
28 Standard Sizes 


Continuous operation to 1850°F.— 
intermittent to 1950°F,.—for 2300°F. 


Complete with automatic electronic 


Tight-sealing, wedge-type door. 
Multi-insulation for maximum 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


BENCH MODELS 
@ Range: 300°F. to 2000°F. . 
@ High temperature, heavy-duty Kanthal 
elements 
@ Multi-insulation rs on special order. 
@ Counter-weighted, tight-sealing door 
@ Operational pilot light controller. 
@ Shipped ready to operate * 
Inside Prices 
Dimensions 220 Volt Single Phase 7 efficiency. 
Model KW[ With Huppert] With Elec- | $ 
No Wide | High | Deep Input tronic Prop . 
Controller Controller 
*For 2300°F. add 
$95.00 to No. 11 and B69 8” 6” ii 4 $296.00 $480.00 © 
No. 12, and $105.00 to 11°] 8” 6” 12” | 4 306.00 518.00 e 
12°] 8” 8” 12” | 6 382.00 590.00 © 
be furnished for 3 phase 12A° 8 8” 18” 9 490.00 698.00 . 


at no additional cost 
For floor model add 
$52.00 to above prices. 
No. 869 standardly sup- 
e plied for 2200°F. 


6844 Cottage Grove Ave., Chicago 37, Illinois 


HUPPERT C 
Manufacturers of Electric Furnaces and Ovens 


For A Quarter Century 


Also Special Models for Specific Requirements. 


Special KR-Supers to 3100 F. 


Request new catalog on 
furnaces, ovens, data, prices. 


Circle No. 32 on Page 48-B 


How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 
Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
1127 Buchanan St., Rockford, Ill. 


PRESSED STEEL POTS 
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Powder Metallurgy 


Nuclear Engineering 


@ Preparation of powder metals for 
reactors 


@ Powder metallurgy of zirconium, 
beryllium, uranium 


This book, which was organized by 
H. H. Hausner, describes work sponsored 
by the U. S. Atomic Energy Commission. 


275 pages, Price, $10.00 


American Society for Metals 
Metals Park, Novelty, Ohio 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 
maximum 

STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock, 
Only finish oper- 


ations required 
are reaming small > 


dia. of counter. 


, @ Safe handling of radioactive bored hole and 
powders drilling and tap- 
@ New methods, including rolling of ping for set screw. 

powders 
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Two series (8012 and 8008) of ''space- 
saver’' combination heat treating 
furnaces are produced by Lucifer Fur- 
naces, Inc. Hardening, drawing or 
preheating, and quenching operations 
can be performed with one furnace. Each 
furnace has separate controls permit- 
ting independent operation of each 

unit. The 8012 series chambers operate 
at 2300, 2000 and 1250° F.: while the 8008 
series chambers reach 2300, 2000, and 
800° F. The furnaces operate on standard 
line voltage . . . no transformer neces- 
sary. Twenty standard low-cost models 
are available and each is a complete 
unit . . . just connect to power 

supply. 


For information about the ‘'space- 
savers'’, our complete line, or free 
engineering advice, call on... 


LUCIFER FURNACES, INC. 


Neshaminy 7, Pennsylvania 
Diamond 3-0411 
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PROCESSING « DESIGN HEAT TREATING RESEARCH TESTING MELTING 


IDEA CENTER FOR 
INDUSTRY WEST 


Ideas to improve production ... to cut costs ... to beat 
competition . . . you'll get ideas aplenty at the American 
Society for Metals’ stimulating, educating Western Metal Con- 
gress and Exposition. 


New equipment, exciting displays, thought-provoking processes 
and products .. . plus a program of technical sessions to give 
practical ideas for immediate use. This year, the 12th Western 
Metal Show is certain to be more rewarding to visitors than ever. 
This show is one of the major factors that has made the West 
our ever-expanding industrial center. 


Don't miss it. Plan now to invest as much time as possible there 
... and be the Idea-Man for your organization. 


WESTERN METAL CONGRESS & EXPOSITION 


Pan-Pacific Auditorium, Los Angeles, California 


AMERICAN SOCIETY FOR METALS 
Metals Park * Novelty, Ohio * Phone ED 8-5151 


Show Hours: Mon. Noon-10 P.M.; Tues. Noon-10 P.M.; Wed. 


«Noon-10 P.M.; Thurs. 10 A.M.-6 P.M.; Fri. 10 A.M.-6 P.M 
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DOTTED LINE SHOWS where two copper extrusions 
were brazed together to make original part. When 
you consider the intricate shape and the weight of 
the part ( a 3%," section measuring 44%4" x 4%", 
weighing 8 Ibs. 7 ozs.), you can readily understand 
why it wos at first thought impractical to make it 
into a single extrusion, 


Revere helps “fit the metal the job” 


AND ONE COPPER EXTRUSION REPLACES TWO, SAVING TIME AND MONEY 
WITH CONSIDERABLE INCREASE IN LIFE OF PART 


The Revere Copper Extrusion shown above was originally two 
extrusions brazed together. And, since it is quite an intricate 
shape, and weighty, it was at first thought impractical to make 
as a single extrusion, but the possibility was believed to be 
worth investigating. 

Through close collaboration between the manufacturer's 
engineering department and the Revere Methods and Production 
Departments, it was found possible to combine these two sec- 
tions into a single extrusion. Work was started, dies were made 
and test runs conducted. The tooling (for hot extrusion was 
followed by cold drawing) posed special problems. It had to be 
both rugged and precise in order to produce this monster to the 
manufacturer's exacting specifications. Finally, a sample extru- 
sion was delivered to the customer for testing and found to be 
right in every way. 

Not only does this new, single extrusion eliminate a great 
deal of machining but obviates the necessity of purchasing two 
separate extrusions and brazing them together. This means 


substantial savings in dollars and time involved, plus a longer- 
lasting part, because the heat required to join the two pieces 
originally used, tended to soften the built-up unit, thus shorten- 
ing its useful life. 

So, before you give up on what at first may seem an insoluble 
problem, why not call in Revere’s Technical Advisory Service? 
It’s entirely possible they can help you “‘fit the metal to the job” 
with a resultant saving in the production of a superior product. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 


230 Park Avenue, New 
Sal Pri Cities. Mills: Rome Balsimore, 
Santa Ana, New Bedford and 
Brooklyn, Newport, Ark.; Ft. 3 
Distributors Everywhere. 
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Measures and controls 
temperature without contact 


¢ Engineered for plant use: production, testing, quality control 


* Lens focuses easily from 20” to infinity, “sees” isolated spot size 
1g” at 20 inches, 1 inch at 12 ft., etc. 


* Non-parallax sight exactly defines spot size and identifies work 
area to be measured 


¢ Broad temperature range: 210°F to 3300°F (higher range 
models optional ) 


© Pushbutton temperature calibration at control panel 


© Ambient temperature compensation; emissivity adjustment 
from 0.1 to 1.0 


® Sensitivity: 0.2% of temperature, e.g., 1°F at 500°F 
© Response time: 0.3 second to 95% of full scale 


¢ 0-10 mv. output for recorders, indicators, controllers (standard ) ; 
internal relay control (optional ) 


e BASE PRICE .. . $775.00 


For more information, write for Bulletin R-103. 


rN Dept. MP-3 


RADIATION ELECTRONICS Co. 


DIVISION OF COMPTOMETER CORPORATION 
5600 Jarvis Avenue + Chicago 48, Illinois + Telephone SPring 5-2400 
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Corrosion by Antifreeze 


Digest of “The Corrosion of 
Road Vehicle Engines by Anti- 
Freeze Solutions”, by H. H. Col- 
lins and R. I. Higgins, Corro- 
sion Prevention & Control, Feb- 
ruary 1960, p. 36-45; March 
1960, p. 41-48. 


TUDIES IN ENGLAND on the corros- 
sive behavior of antifreezes of 
the ethylene glycol type have been 
reported in a paper (British Cast 
Iron Research Report 510) which 
should interest many engineers. In 
this work, solutions containing tri- 
ethanolamine phosphate and sodium 
mercaptobenzothiazole for rust  in- 
hibitors were evaluated because 
those compounds are the most 
widely encountered in commercial 
anti-freezes. 

The study was prompted by ob- 
servations that there were numerous 
instances of severe engine and water 
pump corrosion in heavy-duty 
trucks. Further, the problem 
seemed to arise during the first year 
of use. Investigation also showed 
that the corrosion problem predomi- 

nated in trucks built during the 
winter months, in vehicles which 
had the antifreeze added at the 
factory. When severely corroded 
engines in this category were ex- 
amined, more than 95% had expe- 
rienced defective seals between the 
cylinder head and the block. 

Based on three-month tests, the 
rate of corrosion on water pump 
impellers ranged between 0.20 and 
0.40 in. per year. An interesting 
feature of the cast iron corrosion 
is that the iron dissolves away, 
leaving a skeletal graphite structure 
in the shape of the original speci- 
men. Because of this graphite 
skeleton, rust precipitation capable 
of inhibiting further oxidation does 
not occur. 

Used antifreeze solutions were ex- 
tensively analyzed to determine the 
nature of corrosive ingredients which 
form under oxidizing conditions. 
The solutions were found to be acid, 
principally due to oxidation of the 
glycol to form glycollic and formic 
acids, formic acid predominating. 

The experimenters built a test 
rig to duplicate engine conditions 
and conducted numerous experi- 
ments to determine the rate of in- 
hibitor depletion and its effect on 
glycol oxidation. Results clearly 
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It’s New... 


MARCH JUNE 


As an ASM member, you are well-acquainted 
, with the annual bound volume of ASM Transac- 
tions. Over the years, Transactions has become one 
of the most renowned and respected publications 
" ever to carry the highly-technical and scientific in- 
formation needed by technical managers through- 
out the world. Now, this same volume becomes 
more useful and valuable as a quarterly magazine. 


The Transactions Quarterly will come to you in 
the same 6 x 9 inch size as the annual volume. But 


®@ A Quantitative Metallographic Analysis of Graphite 
Sphere Size in Ductile Cast Iron. Brophy, MIT. Sin- 
nott, U. of Michigan. 


@ Influence of Delta-Ferrite-Carbide Segregates on 
the Mechanical Properties of Modified 12% Chro- 
mium Steel. Loria, Climax Molybdenum Co. 


@ Shear Deformation of Magnesium and Zinc Crys- 
tals. Phillips, E. 1. Du Pont. 


@ Effect of Stress Decreases on the Creep of Aluminum 
in the Dislocation Climb Region. Raymond Lude- 
mann, Dorn, U. of California. 


@ Investigation of the Intermediate Temperature Duc- 
tility Minimum in Metals. Rhines, Wray, U. of 
Florida. 


@ The Effect of Oxygen on the Properties of Zircaloy- 
2, Rubenstein, Shubert, Goodwin, Westinghouse 
Bettis. 


THE DECEMBER ISSUE 


As the annual ASM Transactions has done in the 
past, the December issue of the Transactions 
Quarterly will carry the ASM Annual Report; Dis- 
cussions of papers presented at the National 
Metal Congress; Technical Notes; the Campbell 
Memorial Lecture. Transactions will continue to 
be available in annual bound volumes. 


American Society for Metals 
> Metals Park, Dept. MP-3 
Novelty, Ohio 


() Please invoice my firm 
Enclosed is $......... 


MARCH 1961 


TRANSACTIONS QUARTERLY 


Now, Industry's Best Scientific Papers 
Reach You Faster—Four Times A Year 
SEPTEMBER e 


IN THE MARCH TRANSACTIONS QUARTERLY 


Please enter my subscription to the Transactions Quarterly, at $3.00 per year. ($10.00 for non-members) 


Check here (] if ASM member. 
Please add $2.00 for postage if overseas. 


DECEMBER 


the greatest advantage lies in the speed with 
which you will receive papers written by the 
industry’s foremost authorities. Papers will be 
published soon after acceptance by the ASM Tran- 
sactions Committee. No delay. The most current 
information reaches you faster than ever before! 


In addition, a new feature called Technical Notes 
will cover new methods and techniques, special 
designs of equipment, other pertinent information 
of a specific, high interest nature. 


@ The Effect of Prestraining and Retempering on AIS! 
4340. Stephenson, MIT. Cohen, Bethlehem Steel Co. 


@ Effects of Surface Condition on the Mechanical 
Properties of Beryllium Sheet. Matthews, Jacobson, 
Lockheed Aircraft Corp. Ward, International Nickel 
Co. 

@ Direct Reduction of Ferric Oxide by Solid Carbon in 
Vacuum. Yun, Argonne National Laboratory. 


@ Constitution Studies of the Indium-Rich Portion of 
the System Antimony-Bismuth-Indium. Peretti, U. of 
Notre Dame. 


@ Constitution and Transformation Behavior of the 
Ti-8A1-8Zr-1 (Ta-Cb) Alloy. Margolin, New York 
University. Ence, Republic Aviation Corp. 


@ Phase Equilibria in the Yttrium-Aluminum System. 
Lundin, Klodt, U. of Denver. 


ORDER TODAY! 


ONLY *%3.00 


PER YEAR TO ASM MEMBERS 


NON-MEMBERS .......... — $10.00 
ee ADD $2 TO ABOVE PRICES 
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Corrosion... 


demonstrated that rapid oxidation 
occurs only after inhibitors are seri- 
ously depleted, and that a continu- 
ing source of oxygen must be 
available if corrosion is to occur. 
It was also observed that corrosion 
reactions are catalyzed by having 
brass in the circuit, apparently 
through dezincification and ion ex- 
change routes. As much as 2000 
ppm. of zinc were found in systems 


containing brass in the presence of 
the antifreeze solution. 

The authors concluded that com- 
mercial antifreezes lose their inhibi- 
tors within about 2 months or 4000 
miles of service, and that the prin- 
cipal agent causing corrosion there- 
after is formic acid. Corrosion 
rates of antifreeze solutions are 
much higher than for water, sug- 
gesting that winterized cooling sys- 
tems should be flushed and the 
antifreeze replaced with water as 
early as possible. J. L. Wyatr 


‘the Factor 
| COMPRESSIBILITY, 


) COMPATIBILITY 


CONSISTENCY 


Properties of 
Beryllium Sheet 


Digest of “Effects of Surface 
Condition on the Mechanical 
of Beryllium Sheet’’, 
by W. V. Ward, M. I. Jacob- 
son and C. O. Matthews, © Pre- 
print No. 249, 1961. Paper to 
be presented at the National 
Metal Congress, October 1961, 
Detroit. 


ECAUSE OF ITS DESIRABLE PROPER- 

Ties — low density, high strength- 
to-weight ratio and high modulus of 
elasticity — beryllium has a promi- 
nent place in the list of materials 
which can be used in airframes, 
missiles and space vehicles. At the 
same time, its low ductility and 
brittleness require particular care to 
make the most of what little duc- 
tility it does possess. Among sug- 
gested causes for brittleness of 
beryllium sheet are limited modes 
of deformation, orientation effects, 
surface defects and_ irregularities, 
and, perhaps, impurities. 

This investigation was intended to 
determine the effects of surface con- 
ditions (obtained by different meth- 
ods of finishing) on tensile properties 
over a range of temperature from 
subzero to elevated. To accomplish 
this, the researchers employed 
notched tensile tests, impact tests 
over a range of temperatures, and 
fatigue tests at room temperature. 
Surface conditions were further 
studied by surface roughness meas- 
urements, residual stress determina- 
tions and metallographic studies. 

Rolled beryllium sheet was used in 
most of the studies. The surface 
preparations used included: 


The RZ Process utilizes the established and proven advantages 


1. As reeeived — As by 
of liquidous metallurgy to produce a spherical ferrous powder 


the manufacturer. This had the 
greatest variety of finishes of all the 
surfaces studied, containing many 
fine microcracks, 0.002 to 0.003 in. 
deep, normal to the plane of the 
sheet and transverse to the rolling 
direction. 

2. Etched — Removal of 0.002 in. 
electrolytically from each surface 
(after about 0.003 in. had been re- 
moved from each surface by grind- 
ing with 600-grit cloth). This 
treatment appeared to remove all 
evidence of subsurface damage 
caused by various machining and 
finishing processes. 

3. Etched and scratched — Elec- 
trolytically etched as above, followed 
by scribing both sides of the speci- 


designed to the critical applications of the powder metallurgy 
process. Easton RZ powders are available in the following grades: 


EASTON 
METAL 
POWDER 
COMPANY 


Division of 
American 
Mannex 
Corporation 
900 Line Street, Easton, Pa, 
Blackburn 8-617] 


oe grade powders “Sintrex” 
RZ 365 electrolytic 


, 365—HD d 
365—M grade powders 


365—P 
RZ 365—S 
RZ—200 Cutting & 
RZ—4600 Alloy scarfing powders 
Special powders Ferroflame 


7— 
RZ- 4 Types A—B—C 


Magnetic inspection , 
Custom powders 


RZ—MIM 1. Preblends 


RZR ] 2. Customer 
RZB—MIM specifications 
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METALGRAMS 


- « « news of "Electromet" ferroalloys and metals 


UNION 
METALS 


MARCH, 1961 


NEW COLUMBIUM ALLOY -- In recent months, interest has increased in 
columbium-treated carbon steels for structural applications. Small amounts of 
¢olumbium sharply increase the yield and tensile strengths of these steels by 

6 promoting a fine-grained structure. The element also improves weldability. Highly 
soluble columbium additions to these steels can now be made with new high-silicon 
ferrocolumbium. By dissolving faster than regular ferrocolumbium, the new alloy 

‘ promotes improved uniformity and control of columbium in steel. Ask your 

Union Carbide Metals representative for further information. 


For more information circle 1234 on page 48-B 


ZIRCONIUM -- AN ACTIVE ELEMENT -- Zirconium added to steel readily 
combines with oxygen, sulphur, and nitrogen. It either removes these elements from 
the bath or renders them less harmful. For example, zirconium reduces the hot 
shortness of high-sulphur steels by tying up sulphur. It reduces age-hardening in 
deep-drawing steels by combining with nitrogen. Zirconium is also a strong grain 
refiner when more than 0.10 per cent is added to steel. Contact your Union Carbide 
Metals representative for more information. Also, ask for "The Elements That 
Surround Us: Zirconium" in the Fall 1960 issue of UNION CARBIDE METALS REVIEW. 


For more information circle 1235 on page 48-B 


A WORLD-WIDE SEARCH <= The search never ends for high-grade ores, from 
which ferroalloys are made. Exploration teams of Union Carbide Ore Company search 
all parts of the world == sometimes through tropical jungles, arid deserts, and 
unexplored rivers. Their goal: to discover new ore deposits to satisfy the growing 
demand for ferroalloys. Union Carbide's integrated mine-to-furnace operations 
assure a continuous supply of ferroalloys...when you want them. For the full 

story, write for the article, "From Earth to Hearth," in the Winter 1961 issue of 
UNION CARBIDE METALS REVIEW. 


For more intormaticn circle 1236 on page 48-B 


THIS 'N' THAT -- Use of ferroalloys in pre-weighed bags allows: lower 
handling losses, improved inventory control, more accurate alloy additions, and 
better control of steel composition. Write for F-20,121 and F-20,138... 
"Simplex" low-carbon ferrochrome is a vacuum-processed alloy for stainless steel. 
It features rapid solubility, low price, and extremely low-carbon content. 

Write for F-20,118...Manganese costs for stainless steel can be sharply cut with 


ferromanganese-silicon. Write for F-20,093. 


* 


For more information circle 1237 on page 48-8 


* 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. Im Camada: Union Carbide Canada Ltd., Toronto. 


"Electromet," "Simplex," and "Union Carbide" are registered trade marks of Union Carbide Corporation. 


* * * 
* 
| 


MEENXHANITE METAL 


MEEHANITE CASTINGS ARE MADE ONLY BY MEEHANITE FOUNDRIES. 
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Meehanite Mandrelils 
Reduce Tooling Costs 


This 44” diameter by 64” long cylindrical mandrel weighs 8000 
lbs. and is used for hydrospinning high strength missile casings. 
Many such Meehanite mandrels are now being used with good re- 
sults to form parts for airframes, aircraft engines, missiles and 
other industries. 

If you are producing conical, cylindrical and contoured parts by the 
power spinning process, Meehanite mandrels, that are machined, 
heat-treated to a hardness of about 50 Rockwell C and ground, 
offer many design, economic and production advantages. 

High quality Meehanite mandrels reduce tooling costs by combin- 
ing dimensional accuracy, high strength, fine surface finish and 
long service life. 

For more information, send for your free copy of our new brochure 
on Meehanite Mandrels. Write to Meehanite Metal Corporation, 
714 North Avenue, New Rochelle, New York. 
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Beryllium Sheet . . . 


men (to approximately 0.001 in.) 
transverse to the rolling direction. 

4. Ground—Ground to a rela- 
tively smooth surface, with a high 
speed grinding wheel. This treat- 
ment produced a number of sub- 
surface cracks and twins in the 
surface layers. 

5. Ground and peened — Ground 
with abrasive wheel as above, fol- 
lowed by peening with SA-170 
chilled iron shot. 

6. Milled — Machined with end or 
horizontal cutters, cutting depth 
variable for roughing, and 0.002 in. 
of metal removed in finishing, with- 
out using lubricants. Milling also 
produced cracks and twins at the 
surface. 

Specimens with etched surfaces 
were stronger and more ductile than 
specimens with the other surfaces. 
Scribe-marking reduced these prop- 
erties, particularly ductility. As- 
received specimens fractured pri- 
marily along the (1120) planes, 
whether specimens were taken 
longitudinally or transverse to the 
rolling direction. Preferred orienta- 
tion developed during the rolling, 
with the (0001) basal planes parallel 
to the plane of the sheet, and a 
[1010] direction parallel to the 
rolling direction. The (1120) 
planes were normal to the tensile 
axis in transverse as-received speci- 
mens. This behavior is typical of 
materials with limited ductility — 
but the authors suggest the added 
possibility that the orientation 
changes as depth below the surface 
increases (this has been observed 
in other rolled hexagonal metals such 
as magnesium). 

Figure 1 shows the tensile proper- 
ties of as-received beryllium sheet 


Ultimate 
50 508° 
Elongation 40 £ 
\ N 
© 30 30 
10+ 4-44 10 2 
0.2% Offset Yield 


-65 200400 800 1200 
Test Temperature, °F. 


Fig. 1 — Tensile Properties of As- 


Received 0.060-In. Beryllium as 
a Function of Test Temperature 
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SCIAKY... 


FIRST IN ELECTRON BEAM 
WELDING 


Advanced 
Sciaky Design 
Combines 
Research and 
‘Production Capabilities 
into One Machine 


If you’re interested in electron beam 
welding, here’s why you should investi- 
gate Sciaky machines: 


SCIAKY ELECTRON GUN DESIGN... 


Simple, rugged and compact! Excep- 
tional electron optics produce beam 
density previously possible only with 
accelerating potentials as high as 
100,000 v. The Sciaky gun, entirely 
contained within the atmosphere of the 
welding chamber, will operate in any 
angular position. Both gun and fixture 
can be moved to any position within 
the chamber while welding. Advanced 
focusing design results in welds with 
12 to 1 depth to width characteristics. 


SCIAKY PUMPING SYSTEM... 


Fast and efficient! Depending on cham- 
ber, only 3 to 10 minutes are needed to 
evacuate chamber to welding pressure. 
Pumping sequence is completely auto- 
matic with built-in safety devices. 


SCIAKY SAFETY... 


Unmatched! Low voltage (30,000 v. 
maximum) and highly refined chamber 
design eliminates x-ray hazards, which 
are a severe problem with higher volt- 
age equipment. No costly shielding is 
needed. 


Call or write for details of these and 
other Sciaky machine features. Regard- 
less of your specific area of interest, 
you’ll find Sciaky’s combination of 
extensive welding experience and ad- 
vanced electron beam technology to be . 
helpful. 


ad Sciaky is Exclusive Licensee under the Stohr U.S. Patent 2,932,720 


You can see demonstrations of Sciaky Electron Beam Welding, 


I - ih fully automatic TIG and MIG Welding with modular or building block concept, 
and the newest in Bench Welding at the 
Ss A.W.S. Welding Show, New York Coliseum, April 18, 19, 20, 


Booth 729 


SCIAKY BROS., INC., 4940 WEST 67th STREET, CHICAGO 38, ILLINOIS* PORTSMOUTH 7-S5600 
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Beryllium Sheet . . . 


related to test temperatures. The 
increase in ductility from room tem- 
perature to 600° F. is thought to be 
due to (1010) slip occurring more 
readily than (0001) slip as the tem- 
perature increases, as well as pos- 
sibly along other planes of the 


not been satisfactorily explained, 
although one reference attributed 
this to a strain aging effect. The 
high elongation indicated at 1200° 
F. is not a true elongation: Actually 
metallographic examination showed 
that numerous micropores or micro- 
fissures had formed. 
Room-temperature notched  ten- 
sile strengths (specimens had a notch 


geometry with a stress-concentration 


(101x) family. The decrease in 
factor of 4.4 + 0.1) were lower 


ductility from 600 to 800° F. has 


ADD A-Mer Quauity CONTROL TO YOUR CASTING SCENE 


WHENEVER YOU CAST 
STAINLESS, TOOL STEEL, or SUPERALLOYS 


You can eliminate off analysis heats and heat treat 
response deficiencies in your castings by using Ry, MET 
Alloys—certified for exact chemistry and heat treat 
response. 

For example, in precipitation hardening stainless 
steels such as 17-4PH, as many as four heat treat tests 
are run prior to certifying the alloy’s capability. 

Certified capability, proved in millions of pounds of 
good castings, can be yours at competitive cost. Let us 
quote you! 


If you're casting stainless, 
or planning to, you'll want 
the FREE bulletin, “Heat 
Treatment and Properties of 
Cast Hardenable Stainless 
Steels”. WRITE TODAY! 


ALLOYS co. 


§320 OAKMAN BLVD 
DEARBORN 2, MICH 
LUren 1-7200 


auort 


A DIVISION OF HOWE SOUND COMPANY 
Circle 1240 on Page 48-B 


than the corresponding average un- 
notched strength in both grain direc- 
tions, for as-received, ground, ground 
and peened, and milled surfaces. 
Longitudinal specimens with etched 
and etched and scratched surfaces 
showed notched strengths better 
than the unnotched strengths for 
equivalent surfaces. These data in- 
dicate that beryllium sheet with a 
defect-free surface loaded in uni- 
axial tension in the longitudinal 
grain direction does not show undue 
notch sensitivity. 

The S-N curves for tension-tension 
fatigue properties are straight lines 
contrasted to those of most struc- 
tural metals. What might be con- 
sidered the fatigue endurance limit 
is the same as the static strength of 
beryllium. Etched coupons with- 
stood 107 cycles without failure, gen- 
erally loaded to the average static 
strength. Ground coupons and 
etched and scribed coupons also 
lasted more than 107 cycles with- 
out failure at their somewhat lower 
static strengths. Peened specimens, 
on the other hand, failed at relatively 
few cycles, none reaching 107 re- 
versals, indicating that the peening, 
as performed in this program, merely 
damaged the surfaces severely. This 
offset the beneficial effects of com- 
pressive stresses normally produced 
by shot-peening. 

Room-temperature impact tests 
did not distinguish clearly between 
various surface preparations, since 
beryllium is quite brittle at room 
temperature. Since determination 
of the ductile-brittle transition tem- 
perature is an excellent way to eval- 
uate the effects of various factors on 
the ductile-to-brittle behavior of 
other materials, it was also investi- 
gated in these tests. An impact 
energy of 50 in-lb. was obtained at 

10° F. for the electropolished sur- 
face, at 300° F. for the ground 
surface, and at a temperature at 
least greater than 1110° F. for the 
shot-peened surface. 

Residual stresses were measured 
for the various surface treatments of 
the beryllium. The residual stresses 
produced by a combination of ther- 
mal stresses, work hardening and 
twin formation would normally be 
expected to produce improved me- 
chanical properties; but any such 
advantage is more than offset by 
the poor quality of the surfaces. 

E. C. MILLer 
(More digests on p. 198) 
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In a wide selection of seamless and 
welded and drawn up to 1” O. D. 


B® Stainless Steel... Nickel... Nickel Alloys 
... Super and Exotic Alloys 


® Glass-to-Metal Sealing Alloys 
® Clad Metals and 


@ Composite Wires ... Base and Precious Metals 


Write for Bulletin No. 12 


Tubular Products Division vy. BIsHOP e CO. platinum works "LA. 70 KING STREET, MALVERN, PENNA 
A JOHNSON MATTHEY ASSOCIATE “METALS FOR PRECISION AND PERFORMANCE‘ 


OFFICES: NEW YORK * CHICAGO © ATLANTA © HOUSTON * LOS ANGELES 
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THE MOST MODERN 
GRAVITY DROP HAMMER-- 


with CECO BLOWMATIC 
PROGRAM CONTROLLER 
(illustrated below) 
Pre-selected pattern of long 
and short strokes for 
Semi-automatic Forging 
Other great new features: 


DIE SETTING EASIER AND 
SAFER: by means of new ram- 
inching device, operator can 
raise or lower ram, safely 
at will. 
FASTER ACTING ROD 
CLAMP: by means of new 
Double-acting Clamp Oper- 
ating Cylinder. 


WEAR-REDUCING 
NYLON-TIPPED KNOCK- 
OFF DOG: reduces shock 
to valve control rigging; 
reduces wear on ram 
incline. 

Write for bulletins and details 


CHAMBERSBURG ENGINEERING COMPANY « CHAMBERSBURG, PA. 


CHAMBERSBURG 


e The Hammer Builders e 


DESIGNERS AND MANUFACTURERS OF THE IMPACTER 


‘Whim its a wital part, design it to be 
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Deoxidizing 
Steel Melts 


Digest of “Theory and Prac- 
tice of Deoxidation of Steel”, by 
by N. N. Dobrokhotov, Izvestiya 
VUZ-Chernia Metallurgiya No. 
10, October 1959, p. 23-28; 
Brutcher Translation No. 4855. 


ECAUSE OF THE VERY GENERAL 

APPROACH to the subject of in- 
clusions in steel and especially those 
melts to which sufficient aluminum 
has been added to insure almost 
complete deoxidation, it is a little 
difficult to understand just how the 
author arrives at his conclusion. The 
early formation of silicates (which 
form with the oxidation of silicon 
when the charge is first melted), and 
the combination of these silicates 
with iron oxide, manganese oxide, 
and other compounds determine 
their tendency to remain in the melt 
as unwanted inclusions. If sufficient 
manganese is in solution and the 
temperature high enough to get the 
necessary fluidity, a large part of the 
silicate will combine as manganese 
silicates. Having a relatively low 
specific gravity, these compounds 
usually float to the top if there is 
good bath action. Oxidized alumi- 
num also has a high affinity for 
silica at steel bath temperatures, 
and forms a refractory inclusion 
which is hard on cutting tools. 

The effect of deoxidation on the 
sulphide types is well known since 
the part played by it has been care- 
fully studied. On high carbon steels, 
the addition of about 1 Ib. per ton 
of aluminum in the furnace before 
tap usually means quite complete 
deoxidation. It will generally insure 
the maximum of intergranular (film) 
type sulphides; any increase in alu- 
minum above this will increase the 
globular type, and get rid of the 
film-type sulphides which are so 
harmful in their effect. 

The author notes the increase in 
refractory inclusions, and __ their 
effects on the pouring practice. This 
is well known to every steel pouring 
crew handling heats to which 1 or 
2 Ib. of aluminum per ton has been 
added for “grain size” control. The 
greatly increased tendency for pour- 
ing nozzles to plug up is a difficult 
problem to overcome unless oxygen 
is injected freely at the right time. 

In Russia the approach to prob- 

(Continued on p. 204) 
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SYLVANIA ELECTRIC PRODUCTS INC. USES EMISSION 
SPECTROSCOPY TO ANALYZE REFRACTORY METAL POWDERS 


Spectroscopy is an important tool in the produc- 
tion of molybdenum and tungsten metal powders 
at Towanda, Pennsylvania by the Chemical and 
Metallurgical Division of Sylvania Electric 
Products Inc., a subsidiary of General Telephone 
and Electronics Corporation. 

In the modern spectrographic laboratory 
above, numerous direct-method in-process ma- 
terial checks are made. Finally, critical trace 
elements in the range of 0.1 to 50 PPM are iden- 
tified in the refractory metal powders. 

Results — obtained quickly and accurately by 
emission spectroscopy — permit this firm to 
control the purity of molybdenum and tungsten 
powder which means more efficient processing to 
a high-quality end product. 


“National” and ‘‘Union Carbide”’ are 


NATIONAL CARBON COMPANY 


“National” Graphite grade SPK preformed 
electrodes play an important part in these de- 
terminations. Highest purity combined with 
improved uniformity and reproducibility make 
grade SPK an outstanding spectrographic elec- 
trode. 


The superior structure and strength of SPK 
electrodes have practically eliminated break- 
age of the thin crater walls of sample-bearing 
electrodes. 


Write today for new spectrographic electrode 
catalog. Address: National Carbon Company, 
Division of Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. In Canada: 
Union Carbide Canada Limited, Toronto. 


UNION 


registered trade-marks for products of 


CARBIDE 
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“ ... Lement has done an excellent job in 
collecting and summarizing important data on 
distortion in tool steels ... this book will be 
valuable as reference for mill metallurgists 
and heat treaters in general.” 

R. G. Kennedy 

Director of Laboratories 
Cleveland Twist Drill Co. 


“This brief, concise and extremely readable 
report by Dr. Lement is a welcome addition to 
the tool steel literature. Certainly, as a compi- 
lation of the majority of published information 
on the distortion caused by heat treatment, it 
is unique and much needed. Lement combines 
a simplified, rational, yet theoretical, approach 
to size change during heat treatment with a 
ee interpretation that is both brief 
and valid.” 

George A, Roberts 

Vice President—Technology 

Vanadium-Alloys Steel Co. 


“The book should be helpful to anyone con- 
cerned with heat treatment of tool steels where 
maintenance of a precise form or dimension is 
important. This includes people who make 
cutting tools, all types of dies, and fixtures.” 


C. J. Oxford, Jr. 
Director of Research 
National Twist Drill & Tool Co. 


DISTORTION TOOL STEELS 


An Outstanding New Book By 
Dr. Bernard S. Lement... 


Acclaimed by experts in the field 
for its useful, easy-to-read ; 
information 


If you are directly or indirectly related to the manufacture of 
tool steels or tool steel parts, Distortion in Tool Steels will be 
of great use to you. Its information is of a practical nature; 
each of eight chapters helps you to understand and remedy the 
size and shape changes in tool steels which occur during and 
after processing: 

. CAUSES OF DISTORTION 

. MEASUREMENT OF DIMENSIONAL CHANGES 

. CALCULATION OF SIZE CHANGES 

. CONTROL OF DISTORTION 

HARDENING 

. COLD TEMPERING 

. TEMPERING 

. AGING 


oe 


Take a cue from the comments of experts. And benefit from 
the broad experience of Dr. Lement. His comprehensive know]- 
edge has resulted in this first-of-its-kind book for metals and 
materials engineers, tool engineers, designers, heat treaters, 
machinists, mechanical engineers and inspectors. As G. A. Rob- 
erts said in his review, Distortion In Tool Steels is “unique and 
much needed.” 

Here is your opportunity to become fully informed on size 
and shape changes in tool steels. Order today! 


ORDER WITH THIS COUPON 


Distortion in Tool Steels—173 P.—8 chapters—illustrated—red cloth cover— 
6" x 9”—published by American Society for Metals—Dr. B. S. Lement. 


Send ............ copy(s) of Distortion In Tool Steels: $8.00 ASM Members/$10.00 
Non-Members (U.S. and Canada only—Add $1.00 for foreign postage.) 


Enclosed find Or: Bill me ‘Bill Company (1) 


Company..... 


Street. 


AMERICAN SOCIETY FOR METALS 


Novelty, Ohio 
METAL PROGRESS 
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the higher you aim 
for new productivity 
the more you need 
Scovill’s Count down 


on quality 


SCOVILL 


brass 
copper 
aluminum 


PRODUCTS 


and bring out Bee BLET ive your produc 


SCOVIiLL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill St., Waterbury 20, Conn., Phone Plaza 4-1171 
6SC60 


ig Company, 6464 East Flotilla Street, Los Angeles 22, California « Phone OVerbrook 5-7300 
p: 434 Brannan Street, San Francisco 7, California *« Phone GArfield 1-1923 


= amiss is a ood as a thousand miles 
_ 
+ 
ae 
a 
— 
— Ay Scovill Manufacturi: 


gives You 
fault-free metals 
for high speed 
fabrication 


Advanced mill processes — Scovill pio- 
neered the CONTINUOUS CASTING of Brass 
alloys to bring fabricators of Brass Mill Products 
the new standard of metal soundness and uni- 
formity made possible by this unique process. 


Other more recent new mill installations at Scovill 
include precision-controlled Aluminum rolling 
mills; the advanced Sendzimir Mill for extra-close- 
tolerance sheet and strip; the World’s largest verti- 
cal tube extrusion press, with automatic induction 
billet-heating equipment, as well as one of the In- 
dustry’s newest and largest specialized tube mills. 


Advanced quality-control procedures — 
insure dependable UNIFORMITY in all Scovill 
Mill Products specifications . . . order to order 
and lot to lot. They promise more accurately di- 
mensioned, finer quality mill products essential to 
efficient high speed fabrication. Quality-control is 
a full-time job at Scovill, and the results are 
evident to fabricators in their own higher pro- 
duction speeds, minimum tool and machine adjust- 
ments and superior quality of finished products. 


Advanced inspection equipment and 
methods — There are many inspection stations 
along each of the Scovill production lines for Brass 
strip and sheet, rod, wire and tube. In addition, 
samples of alloy billets and bars, as well as of 
finished mill products, undergo detailed inspection 
and test procedures in Scovill’s Metals Research 
laboratories. Brass Mill Products that pass these 
rigid inspections and tests are considered by many 
to be the finest in the World. 


Advanced packaging — Unique Scovill pack- 
aging methods protect quality, finish and condition, 
make it easier for fabricators to warehouse, handle 
and use Mill Products. Time- and cost-saving in- 
novations such as extra-long-length coils of strip, 
self-feeding wire “dispenser” drums, special long 
lengths when required in tube mill products, are 
available to fabricators who need them. 


Make Scovill a part of your competitive team, let 
us contribute our wealth of experience and ultra- 

dern equip t to the success of your NEW 
products and production plans. 


SCOVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill Street, Waterbury 20, Conn. Phone Plaza 4-1171 


Mit& PROOUCTS 


MADE USA 


DUSTY 


Scovill Manufacturing Company, 6464 East Flotilla Street, Los Angeles 22, California « Phone OVerbrook 5-7300 
Also: 434 Brannan Street, San Francisco 7, California « Phone GArfield 1-1923 


4 
a 
=— 
F 
7SC60 


OPERATE ANY SLIP STEM OR ROTARY STEM VALVE 


OPERATE ALL INDUSTRIAL TYPE DAMPERS 


More torque! More precise 
positioning for industrial valve 
and damper applications! 


New Honeywell Actionator* Heavy-Duty 
Electrical Control Motors 


Use these compact, powerful new industrial motors 
wherever highly accurate modulating two or three- 
position control is required. 

Some models operate vertical-acting stem valves hav- 
ing lifts of from Y% to 1\% inches. The double-ended 
shaft can also simultaneously operate rotary stem 
valves, butterfly valves and other devices through suitable 
linkages. Other models operate rotary-shaft type valves, 
dampers, louvers and other final control elements. 

ACTIONATOR control motors are available with 


*Trademark 


See us in Sweet’s 1961 Product Design File, Section 7b-Min. 
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two or three-position floating or proportional control, 
and with a variety of speeds from 7.4 to 120 seconds full- 
stroke operation. Torque ratings range to 200 inch /Ibs. 

Additional features include built-in linkage and strain 
relief, a mounting yoke and enclosed terminals with 
gasketed housing to meet JIC specifications. Also avail- 
able are models that include cam-operated internally 
mounted switches for a variety of sequencing switching 
purposes. 

For complete information, call your local Honeywell 
office. Or write Minneapolis-Honeywell, Dept. MP-3-62. 
Minneapolis 8, Minnesota. Sales and service offices in 
all principal cities of the world. 


Honeywell 
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CAN IMPART THIS” 


Microbeads Glas-shot are micro- 
scopic glass beads for use with all 
types of or dry blast equip- 
ment. You can use Microbeads 
Glas-shot for cleaning, polishing, 
peening or finishing of. all ma- 
terials normally processed with 
blast equipment. If you’ve never 
used Microbeads 


Glas-shot you're’ 


in for the surprise of your life. 


COMPLETE INFORMATION. 
AND SAMPLES...JUST 
MAIL THE COUPON BELOW © 


Glass Beads 
and Reflective Purp 


‘MICROBEADS 


INC. 
P.O. BOX 241 
JACKSON, MISSISSIPPI 


[-] Send information and samples 


Have representative call 
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Deoxidizing Steel . . . 


lems involving inclusions, deoxida- 
tion products, and sulphides in ball 
bearing steel] is interesting in that the 
problem was apparently satisfactorily 
solved by a few changes in melting 
practice and tests over a relatively 
long period in the actual production. 
The author's discussion of “ferro- 
phobic” and “ferrophilic” deoxida- 
tion products is interesting, but he 
seems to have taken too general an 
approach to these products, without 
due regard to the variables in scrap 
meltdown analysis, melting furnace 
temperature ranges, bath action, slag 
fluidity, and other features. One of 
the big causes of the uncertainty in 
making special, extra clean, low- 
sulphur steels is the effect on the 
quality of any one of ten or more 
variables such as timing of additions, 
temperature of bath, bath activity, 
and the like. H. W. McQuaip 


Bronzes for 
Pump Castings 


Digest of “Cast 70/30 Cupro- 
Nickel Inherent Characteris- 
tics”, by D. F. Shepherd, Modern 
Castings, May 1960, p. 120 to 
130. 


F ONE WERE LOOKING for a typical 

example of alloy study, one could 
hardly do better than to choose this 
investigation of cupronickel-colum- 
bium alloy which developed 
cause a better casting alloy was 
needed for pumps. Despite the 
many tests made on such bronzes, 
several angles had not yet been 
investigated. There was also a need 
for some additive to control and off- 
set the antiwelding effect of silicon. 


Some Preliminaries 

High - pressure pumps needed 
these characteristics: lighter cross 
section, greater strength, good anti- 
corrosion properties under a varying 
condition of still, moving, and high 
velocity liquids, and good welding 
quality. Though the Navy M and G 
alloys have served well in the past, 
today’s needs call for alloys with 
better properties. The wide freez- 
ing range of these alloys meant diffi- 
culty in foundry practice in order 
to avoid porosity and gas. 

As for the actual work, the author 
tested an alloy made in a 600-lb. 


GUARANTEED 


The Most for Your 
“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all “Rockwell 
Testing”. Clark's exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10203 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 

All information about hard: test- 
ing in easy-to-read text with mony 
Wustrations. Just write “Send 
Book” on your letterhead. De- 
scription and prices for Clark 
Hardness Tester and free 
Hardness Conversion Chart 

also available on request. 


CLARK INSTRUMENT, INC 
10203 FORD ROAD 
DEARBORN, MICHIGAN 


Missile-Age Accuracy 
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Better Steel Faster with ASEA Induction Stirrers 


Moving metal improves contact and accelerates reactions. In are-furnaces movements ob- 
tained by indestructible, temperature-independent, travelling electro-magnetic fields pro- 
duce; gm greater homogeneity gg uniform temperature control g decreased melting time 
gm increased productivity g effective slagging gg improved operating conditions. For de- 
gassing stirrers on large evacuated ladles lift metal from hydraulic pressure at bottom to 
surface vacuum, quickly freeing and removing absorbed gasses. ELECTRICAL CONDUCTIVITY 
being the decisive factor, stirring is possible in large reverbatory melting furnaces for 
aluminum and copper, improving heat transfer, charging, etc. Write today for literature. 


ELECTRIC INC. 


= 500 Fifth Ave., New York 36, N. Y. 
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Bronzes ... 


basic-lined induction furance; the 
material gave 32,000 psi. yield and 
60,000 psi. tensile. The silicon con- 
tent ran between 0.70 and 0.50%, 
and iron 0.25 to 0.60%. 

However, as the silicon increased, 
weldability deteriorated. Attention 
was then turned to the possibilities 
of columbium. Between 0.33 and 
0.83% Cb produced an alloy with 


good weldability. A special homog- 
enizing heat treatment raised the 
yield point to 54,000 psi, the tensile 
to 87,000 psi. Elongation was 20% 
and Brinell hardness was 167. The 
homogenizing treatment consisted 
of heating for 5 hr. at 1200° F. and 
then slowly cooling in the furnace 
to 500° F. or lower. 

That slow cooling increased the 
physical constants was naturally a 
matter of surprise. But the fact 
remained that the test bars taken 


> 


THE DEFINITIVE BOOK 


on thermocouples and pyrometer accessories 


It’s still Bristol’s big 56-page ““Buyers’ Guide and Users’ Manual’’—yours for the 
asking. 

One of the most useful publications ever directed specifically to the industrial 
pyrometer user, this buyers’ guide catalogs Bristol’s comprehensive line of 
thermocouples, protection tubes, thermocouple wire and radiation unit accesso- 
ries. But, in addition to this, it’s a compendium of technical data for the pyrometer 
user—essential to newcomers to the field, valuable reference data to the old hand. 
Here’s just a partial listing of topics discussed: 


* Thermocouple types 

* Factors affecting thermocouple life 
* Thermocouple reproducibility 

* Calibrated thermocouples 

* Thermocouple insulation 


* Thermocouple protecting tubes 
* Thermocouple extension wires and 


cold-end compensation 


* Selecting the right thermocouple 


and protecting tube 


¢ Responsiveness of thermocouples 


... plus more than 165 illustrations, plus 8 pages of thermocouple calibration 
tables. It’s a manual you can’t afford to be without. Write for your copy of Bristol’s 
“Thermocouple and Pyrometer Accessories Buyers’ Guide and Users’ Manual,” 
Bulletin No. P1238, today. The Bristol Company, 155 Bristol Road, Waterbury 


20, 
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Conn. 


BRISTOL. 


0.32 


.. for improved production 
hrough measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
Circle 1247 on Page 48-B 


out of the mold 20 min. after pour- 
ing (when they were about 1400° 
F.) and cooled in air had properties 
much lower than they did when 
slowly cooled. As a consequence, all 
subsequent test bars were left in the 
mold until cold. (Lack of knowl- 
edge of this peculiarity may be the 
reason that other operators found it 
difficult to get consistent results in 
the earlier runs of 70-30.) 

The next step was to give the test 
bars a homogenizing treatment by 
putting them in an electric furnace 
and holding them for 5 hr. at 1200° 
F., and then allowing them to cool 
slowly to 500° F. or lower. Apply- 
ing this slow cooling treatment to 
castings enables their thin sections 
to come more closely in line with 
the stronger, heavier sections. Fur- 
ther tests were made to see whether 
a greater mass would affect test 
bars. The result? Even the slight 
increase in mass for the l-in. Y-bar 
gave higher properties than the 
Webbert bar, and similar bars cast 
in a copper mold (which would cool 
faster) gave consistently lower val- 
ues. The “cast to size” bars of both 
Webbert and Inco also gave low 
results. Test bars taken from cast- 
ings weighing some 4000 Ib. gave 
good results compared with their 
control test bars. Since these cast- 
ings were large enough to give a 
homogenizing effect by slow cool- 
ing, little difference was found be- 
tween them and the control test 
bars. 

The welding quality of this new 
alloy was carefully investigated. 
Test bars made up by welding gave 
26,000 psi. yield and 52,000 psi. 
tensile; these are considered to be 
good values. 

The narrow composition of this 
new alloy requires accurate foundry 
control. This was provided in the 
author's foundry by using a direct- 
reading X-ray fluorescent spectro- 
graph which enabled the tests for 
five elements to be completed in be- 
tween 6 to 7 min., while the metal 
was held in the furnace for any 
necessary correction. 

The author concludes that the de- 
sirable foundry characteristics of 
70-30 cupronickel, particularly in 
thick sectioned castings, are accom- 
panied by a sensitivity of physical 
properties and weldability as a func- 
tion of chemical composition and 
cooling rate. Weldability is im- 
proved and physical properties in- 
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Rigidity and accuracy built into this Warner & Swasey 2AC chuck- _ tolerances. Twenty-one parts made from AISI 4340 and 4615/20 


ing automatic permit heavy metal removal while holding close 


steels contribute resistance to stress and wear in critical areas. 


Warner &« Swasey uses two nickel alloy steels 
to give the 2AC built-in rigidity and accuracy 


Variety of parts made from 4340 and 
4615/20 for long-term resistance to im- 
pact and wear. 

Here’s where the Warner & Swasey 
Company relies on AISI 4340 and 
4615/20 to help maintain the rigidity 
and accuracy for which this 2AC single 
spindle chucking automatic is fast be- 
coming famous. 

Four clutch plates, for example, are 
made of 4340. Through-hardened for 
these parts, this 1.85% nickel steel pro- 
vides dimensional stability in heat- 
treatment and in high-temperature 
operation . . . in addition to vital resist- 
ance to shock-loading and torsion. 

Shafts, guide blocks, studs, plungers, 
and clamp strips are just a few of the 
parts in the versatile 2AC made from 
another nickel alloy steel: AISI 4615/20. 


MARCH 1961 


These components are carburized and 
hardened for wear-resistance to main- 
tain accuracy throughout a long service 
life. And the uniform hard case is backed 
up by a strong, tough core that stands up 
to severe impact and torsional stresses. 

This report is typical of the many com- 
ing in from manufacturers who have 
employed these two General Purpose 
Steels for a variety of machinery com- 
ponents. 

Both these steels are readily available, 
right off the shelf at your local Steel 
Service Center. Together they give you 


a double-barreled way to cut costs and 
still satisfy almost all your alloy steel 
needs. Other nickel alloy steels, possess- 
ing special properties for specialized 
applications, are also widely available. 

Consider nickel alloy steels for gears, 
shafts, bearings, and other machine parts 
you design, order, or use. And for engi- 
neering information to help you select 
the right material for the job you have 
in mind, just write to Inco. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Jiko, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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MEASURE 
pat tal 


HEAT 


MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


and 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for FREE catalog No. 168. 


BY ROMER 


BERGENFIELD 8, NEW JERSEY 
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Bronzes .. . 


creased (for any given silicon con- 
tent) by additions of columbium. 
Fast cooling through the red heat 
range reduces physical properties, 
heavier sections of castings showing 
higher strength values due to the 
slower cooling. (The latter finding 
is the usual assumption.) The maxi- 
mum properties inherent in the com- 
position can be developed by reheat- 
ing to approximately 1200° F. and 
cooling to 500° F. 
H. J. Roast 


Automatic Temperature 
Control 


Digest of “Automation of 
Temperature Control in Melting 
of Nonferrous Alloys”, Tsvetnie 
Metalli (Nonferrous Metals), 
No. 9, 1959. 


AUTOMATIC TEMPERATURE CON- 

TROLS now help nonferrous al- 
loys at the Kolchugin Works. It ‘is 
well known that even a large staff 
of pyrometric observers cannot in- 
sure accurate temperature control 
when casting hundreds of heats per 
day. Casting of “cold” and “hot” 
melts results in defects subsequently 
revealed during rolling, press and 
drawing operations. To prevent 
such defects, two schemes have been 
adapted. Both are based upon brief 
immersion of thermocouples in the 
metal. The method is similar to that 
used in steelmaking practice. How- 
ever, the temperature measurements 
will be registered not only on re- 
corders, but also on a controller 
which will confine casting of metal 
to a sharply defined temperature 
range, controlled by an electronic 
potentiometer. 

Two furnaces have been equipped 
by such an arrangement. A _plati- 
num/platinum-rhodium —thermocou- 
ple with a protective molybdenum 
tip is immersed into the molten metal 
by an electrically driven mechanism 
controlled by the operator. 

An alternative scheme consists of 
several relays and a potentiometer, 
signal lamps, and sirens in a circuit 
with the operational control system 
of the induction melting furnaces. 
The control arrangement is con- 
nected to the furnace operating pul- 
pit by an eight-ply control cable. 


FAFNIR BEARING CO. 
COMBINES PROPERTIES 
OF HIGH SPEED & STAIN- 


LESS STEEL THROUGH 
HARRIS CHILLING 


For three years a Harris Model 
6L-A2-20 Heavy Duty Chest Type 
Chilling Machine has been treating 
precision bearings of AISI Type 
440C and 440C Modified Stainless 
Steel at Fafnir Bearing Co., New 
Britain, Conn., a leader in this field 
since 1911. 


In this application chilling achieves 
the required transformation of Aus- 
tenite to Martensite, producing a 
harder, longer-wearing bearing with 
optimum dimensional stability. Of 
6 cu. ft. capacity, the Harris ma- 
chine includes mechanical air con- 
vection for maximum heat transfer 
within the chilling chamber, acceler- 
ating the production rate. 


The Fafnir management testify that 
their Harris equipment has pro- 
vided “excellent service” in a “neat, 
compact package.”” As to results of 
chilling, they say “The use of re- 
frigeration in treating 440C and 440C 
Modified Stainless Steels gives us a 
product that combines the superior high 
temperature properties of high speed 
steels with the oxidation and cor- 
rosion resistance properties of stain- 
less steels." 


ASK HOW LOW-TEMPERATURE 

CHILLING CAN IMPROVE YOUR 

PRODUCTS. THERE’S NO OBLI- 
GATION FOR OUR SERVICE. 


ARRI 


MANUFACTURING INC 


306 RIVER ST., CAMBRIDGE 39, MASS. 
Pioneer in refrigeration service, 
engineering, and manufacturing since 1934 
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KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


When Should Alloy Steels 


What is hardenability and how does 
it differ in carbon and alloy steels? 

Hardenability can be defined as 
the capacity of steel to develop a 
desired degree of hardness, usually 
measured in depth. It is produced 
by special heating and cooling. Car- 
bon steel, except in small sections, 
will normally harden to a depth 
slightly below its surface, while 
alloy steel can, under certain con- 
ditions, harden uniformly through 
its entire cross-section. 

Surface hardness obtainable after 
quenching is largely a function of 
the carbon content of the steel. 
Depth hardness, on the other hand, 
is the result of alloying elements and 
grain size, in addition to the carbon 
present in the steel. 

In general, where hardenability is 
the prime consideration, it is not 
too important which alloy steel is 
used, just so long as there is suffi- 


cient carbon present to give the 


prescribed hardness, and there are 
enough alloying elements to quench 
out the section. It is not considered 
good practice to alloy a small section 
excessively, since excessive use of 
alloying elements adds little to the 
properties and can, insome instances, 
induce susceptibility to quenching 
cracks. 

There are, of course, numerous 
cases where factors other than hard- 
enability must be considered; such 
factors as low-temperature impact, 
heavy shock, creep-resistance, and 
the ability to resist temper brittle- 
ness. Through-hardening, therefore, 
is not always desirable. For example, 
shallow hardening is often neces- 
sary in shock applications, because 


a moderately soft core is essential. 


This series of alloy steel advertise- | 

ments is now available as a compact | 

booklet, “‘Quick Facts about Alloy 

Steels.”’ If you would like a free copy, 

| please address your request to Publi- 
cations Department, Bethlehem Steel 


| Company, Bethlehem, Pa. | 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Sales: Bethlehem Steel Export Corporation pETH EHEN 


BETHLEHEM STEEL 
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Temperature Control . . . 


Six furnaces, including two capable 
of a maximum melting temperature 
of 1300° C. (2370° F.) and one 
three-phase induction furnace, have 
been thus equipped. A Chromel- 
Alumel* thermocouple is connected 
to the regulating and _ recording 
potentiometer. 

Thermocouple tips of molybde- 
num are used for temperatures up 
to 1300° C. (2370° F.). An alter- 
native to molybdenum is heavy- 
walled quartz. The gray iron tips 
are good for 100 to 150 measure- 
ments and molybdenum tips for 
250 to 350 measurements. 


*Registered trade mark, Hoskins 
Mfg. Co. 


A staff of pyrometricians is thus 
eliminated since metal casting will 
occur at a definite temperature. At 
this temperature, the siren toots, the 
green signal lamp flashes, and the 
relay closes. The latter controls the 
furnace tilting mechanism, and metal 
pouring starts. 

The melter does not need to note 
the melt temperature since it is auto- 
matically recorded on the potenti- 
ometer diagram. “Cold” and “hot” 
are signaled by yellow and_ red 
lamps, respectively, and pouring is 
prevented by disconnecting the fur- 
nace tilting mechanism, making it 
impossible to pour at incorrect tem- 
peratures. The relay scheme also 
prevents the furnace from tilting if 
the thermocouple measurement is 
too short in duration for accuracy. 


Here's the 
PHOSPHATE 
COATING 

You asked TURCO 
TO MAKE —Formulated as Result of industry-Wide Survey... 


During the first six months of 1959 
Turco undertook an extensive 
survey of the phosphate coating 


market. Hundreds of users of these 


coatings were interviewed 
Thousands of questions were 
asked. When the answers were 
tabulated, Turco began the task of 
building an iron phosphate 
process to the exact specifications 
called out in the survey 


The new process is now available 
It is called Turco Paintite 
Paintite has been thoroughly field 
tested in the production lines 

of a dozen Turco customers. It has 
passed the most severe tests 

with flying colors. Turco is proud 
to announce the addition of 
Paintite to its ten other Turcoat 
phosphate and conversion coating 
processes that provide a better 
bond for orgamic finishing 


VA 


HERE'S HOW 


PAINTITE. 


SCORES ON SURVEY'S 


0192, Wanteor 


FEATURES... 


1. SUPERIOR CLEANING-Exclusive wetting 
system provides heavy-duty uniform clean 

ing. Cleans & phosphates simul ly 

2. TEMPERATURE VERSATILITY - Efficien' 

anywhere within range of 140° to 180°F 

Temperature control is not important 

3. LOW FOAMING - at any temperature 
within recommended range 

4. LESS POST RUST - Eliminates post rust 

ing problem often encountered with iron 
phosphate processes. 

5. NO WHITE STREAKING - Extra free rins 

ing. Leaves no residue 

6. ECONOMICAL in initial cost. Low in 
maintenance cost. Low in cost per sq. ft 

Long-lived, even under mass production use 
7. UNIFORM COATING - even on edges and 
points. Won't show through on low-pig 

mented paints 

8. USE VERSATILITY — used by immersion, 
Spray washer or steam cleaner 

9. LESS SLUDGE -~ less scale. Minimizes 
clean-up problems. 

10. RESERVE ACIDITY - combats alkaline 
water conditions. Constant contro! not 
necessary 

11. SUPERIOR SERVICE - by Turco’s vast 
network of technically trained servicemen, 
located in industrial centers throughout 
the world 

12. REQUIRES ONLY 3 STAGES-for dip or 
spray washing. Can be efficiently used in 
5-stage operations, if desired. 


LUABLE BOOKLET - 


PHOSPHATING REFERENCE CHART 
TECHNICAL D 


Get the Jjull story 


on Pau 


ATA BULLETIN 


nd the other ten 


During furnace loading, the 
thermocouple is placed outside the 
furnace. Upon melting, the oper- 
ator places the thermocouple into 
the furnace and then starts to pre- 
pare the next furnace charge. When 
the required temperature is reached, 
the potentiometer instantaneously 
disconnects the furnace through re- 
lays. After 9 to 10 sec., it con- 
nects with the signalling system cir- 
cuit of the furnace tilt controls. After 
the signal, the operator withdraws 
the thermocouple and switches to 
the electric controls of the furnace 
tilt. 

Further improvements in this 
method are being sought. These in- 
clude selection of a new material 
for the thermocouple jacket, one 
which would not be affected by 
permanent immersion in the molten 
metal. This will eliminate the need 
for manual immersion by the oper- 
ator. This material should possess 
high thermal conductivity. 

ArTHuR B. TESMEN 


New Metallographic 
Techniques 


Digest of “Electrochemical 
Techniques in Modern Metallo- 
graphy ., by Pierre A. Jacquet. 

aper presented at the Golden 
Jubilee Convention of the Amer- 
ican Electroplaters’ Society, 
June 1959, Detroit. 


N 1935, GENERAL PROCEDURES for 

electropolishing a wide variety of 
materials were published. Further 
impetus for the development of elec- 
trolytic polishing procedures was 
provided by World War II. Im- 
proved techniques resulted, and 
eventually electropolishing tech- 
niques were accepted in research 
work. Electropolishing has also 
helped such techniques as phase 
contrast microscopy, interferometry, 
microhardness studies and _particu- 
larly electron microscopy. 

With acceptance of electropolish- 
ing, commercial electropolishing ma- 
chines were made available. In 
1956, a simple portable polishing cell 
was devised which could be applied 


TURCO PRODUCTS. INC 
24600 South Main St. Wilmington, Calif 
MERELY AFFIX COUPON TO COMPANY LETTERHEAD 


Please send valuable booklet. with Phosphat 
ing Reference Chart and full details on 
Paintite. 1 understand there is no cost or 
obligation on my part 


NAME 
TITLE 


locally to any accessible areas to 
reveal microstructures. Microscopic 
examination of irregular and often 
inaccessible surfaces was also a 
major problem. It was solved by a 
technique for forming replicas of the 
structures. These replicas can be i 


phosphating and conversion coating processes in the complete 
urcoat line. Write for your copy me with Turco's 
Phosphating Rejerence Chart, today 


TURCO 
PRODUCTS, INC. 


Chemical Processing Compounds 

24600 South Main Street, Wilmington, California 
FACTORIES: Rockdale, Ili.. Houston, Wilmington 
London, Rotterdam, Sydney, Mexico City. Paris 
Hamburg, Montreal, Manila, Naha (Okinawa) 
Offices in All Principal Cities 
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NEW complete line of General Electric Roller 
Hearth Furnaces—Gas or Electric—offers . . . 
HIGHER PRODUCTION 
IMPROVED QUALITY 
LOWER COSTS 


General Electric offers a full line of Roller Hearth Furnaces 
to meet your heat treating requirements accurately and 
economically. Choose from many sizes and types of electric 
or gas-fired furnaces to fit all system requirements. 


Cooling sections, roll and drive systems, 
interior doors, burners, controls . . . all 
components are designed and 
built to best complement 
your system efficiency. 


Look At These Outstanding Design Features of 
General Electric Roller Hearth Furnaces 


® Application Versatility—A choice of 
four types of heating sections, five 
types of cooling systems, two roll and 
bearing systems, and a host of sizes 
and accessories. 

@ Quick, Easy Installation— Furnace 
sections are completely assembled at 
the factory with brick, heating units, 
piping, wiring, and rolls already in 
place. 

®@ Fast, Top Quality Production—The 
advanced construction design features 
of these General Electric furnaces let 
you increase both the quality and rate 
of your production. 

® Continuous, Unlimited Work Flow— 
The G-E Roller Hearth Furnace con- 
veyor system consists of a series of 
externally driven rolls—no belts or 
pusher mechanisms are required. 

® Trouble-free, Long-life Operation— 
Individual conveyor rolls are exter- 


nally driven and remain in the same 
temperature zones ... not subject to 
thermal cycling. 


© Flexible Operation—Individual roll 
sections can be started, stopped, re- 
versed, or oscillated; they can be run 
at the same or different speeds. 


® Lower Product Costs—Wide selec- 
tion of furnace combinations and sizes 
means you can get the furnace de- 
signed for your needs. You can cut 
costs through improved product qual- 
ity and production rates. 


Cali your General Electric Sales 
Engineer today. He’s an expert in 
applying G-E Roller Hearth Furnaces. 
Contact him at your nearby General 
Electric Sales Office, or write for 
Bulletin GED-4304, to Section 756-11, 
General Electric Co., Schenectady 5, 
New York. 


Progress /s Our Most Important Prodvet 


GENERAL ELECTRIC 


Circle 1252 on Page 48-8 


Typical component line-up of General 
Electric Roller Hearth Furnace. 


THERE'S A GENERAL ELECTRIC FURNACE 
FOR THESE HEAT TREATING PROCESSES 


Cycle Annealing. This furnace may be heated 
by electric ribbon resistors or by gas-fired 
radiant tubes, and will normally have a con- 
trolled atmosphere to prevent scaling and 
surface decarburization. 

Copper Brazing and Sintering. Both copper 
brazing and sintering furnaces are operated 
with a reducing atmosphere to prevent oxides 
from interfering with the brazing or sintering 
operation. 

Magnetic Punching and Lamination Annealing. 
This furnace is operated with a carefully selected 
controlled atmosphere and heating may be 
either by gas fired radiant tubes or electric 
ribbon resistors. 

Hardening. This furnace operates with a non- 
decarburizing protective atmosphere and may 
be equipped with an integral elevator type 
quench system or the work may be delivered to 
hand, die, or press quenching. 

General Heat Treating. These furnaces are ideal 
for full anneal of steel castings and for stress 
relief anneal of castings or forgings. They may 
be gas fired direct, gas radiant tube, or elec- 
tric ribbon resistor heated. 


‘ 


Established 1915 


Here’s low cost for you! 


This is 4-in-1 production 

of a Titan brass forging 
with high strength and consistent metal soundness. Close tol- 
erances are maintained. There is less scrap waste. Costs 
are reduced. 


And then you have the unparalleled machinability and natural 
finish of these brass forgings to take the finest polish or plating. 


Like economies and advantages can be yours when you switch 
to Titan hot-pressed brass forgings. Let us help design and 
quote on your component parts. 


Call your nearest Titan Man for detailed data and a brass 
forging quote. Titan forgings are made in Bellefonte, Pa., and 
Newark, Calif., for quick service and delivery. 


Send for 32-page 
Titan Forging Handbook. 
Write us on your letterhead. 


TITAN METAL MANUFACTURING COMPANY 


Oivision OF CERRO CORPORATIO!! 


® 


Bellefonte, Pa. *« Newark, Calif. * Offices & Agencies in Principal Cities 
RODS « FORGINGS « DIE CASTINGS * WELDING RODS « WIRE 
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stripped from the surface and sub- 
jected to optical or electron micro- 
scopic examination. Thus surface 
macrostructure, microstructure and 
submicrostructure may be critically 
examined regardless of the size, 
shape or location of the object, with- 
out damage to the part. 

Electropolishing depends upon the 
solution of surface projections and 
heterogeneities without preferential 
extraction of atoms from the normal 
or disturbed crystallographic lattice. 
Thus, an originally rough anode may 
be polished. Success of the pro- 
cedure depends upon the selection 
of an appropriate electrolyte and 
suitable electrical conditions. One of 
the most important advantages of 
electropolishing lies in the complete 
absence of worked layers. 

The electrolytic method, however, 
does require a suitable cell, a con- 
trolable source of power, and a 
sample which is small enough so 
that the critical current density can 
be obtained. The use of available 
commercial machines greatly simpli- 
fies the problem of conveniently 
obtaining the critical conditions 
necessary for polishing. 

Etching may be done by a num- 
ber of methods. Electrolytic etch- 
ing is useful under the following 
conditions: 

1. In polishing solutions under 
specific electrical conditions where 
microstructure is revealed by etch- 
ing the contours of the grains, selec- 
tive solution or corrosion of the 
grains, or preferential etching of 
irregularities in the crystallographic 
lattice. 

2. In polishing electrolytes by 
short circuiting the electrodes at the 
end of the polishing cycle. 

3. In aqueous acid, alkaline, or 
salt solutions under suitable electrical 
conditions. 

4. In anodic oxidation techniques 
which form epitaxial films on cer- 
tain metals. 

A portable apparatus has been 
devised for local electrolytic polish- 
ing. It consists of two parts, the 
power supply with its devices for 
controlling the electrical factors, and 
the polishing electrode with its 
accessories. 

The electrode, or movable cath- 
ode, has a stainless steel head 
attached to the end of an insulated 
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J. F. McINTYRE tells why CALMEC always looks 
to Lindberg for heat treating equipment 


from 
J. F. Mcintyre 


& { 


Left, S. E. Summers, Chief Design Engineer and at right, J. F. McIntyre, Executive Vice-President, Calmec Manufacturing Company, 
Los Angeles. In the Middle, J. E. Krickl, Western Sales Manager, Lindberg Engineering Company. 


“When we have heat treating problems we like to get the Lindberg man right in the middle of 
them. We know Lindberg men are heat treating experts and the best source we have for advice 
on the most practical and efficient equipment to satisfy any heat treating requirement. As a result 
we've bought lots of Lindberg equipment in the past few years. We like it and the fact that we 
are continuing to buy it proves that the Lindberg man’s advice has been sound.” 


Mr. Mcintyre has certainly backed up the above words 
with deeds. Over the past few years, Calmec, a leading 
manufacturer of precision tools, parts and missile 
system components, has installed twelve electrically 
heated furnaces, six gas-fired furnaces and four atmos- 
phere generators—all Lindberg! And we hope there are 
more to come. If you have any product or process in 
the metal or ceramic field requiring the application of 
heat it would be a good idea to get the Lindberg man 
in the middle right away. You can depend on his experi- 
enced help and Lindberg's engineering and design 
know-how to provide exactly the right equipment for 
your need. It's easy! Just getin touch with your Lindberg 
Field Engineer (see your classified phone book) or write 
us direct. Lindberg Engineering Company,2448 West 
Hubbard Street, Chicago 12, Illinois. 

Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. In 
Canada: Birlefco-Lindberg Ltd., 15 Pelham Ave., Toronto 9, Ont. Also, 
Lindberg plants in Argentina, Australia, England, France, italy, Japan, 
South Africa, Spain, Switzerland and West Germany. 
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Metallographic . . . 


sleeve and traversed by a current of 
cooling water. A cap of synthetic 
fabric fits the head. This fabric cap 
must be flexible, electrically insulat- 
ing, and capable of holding the 
required small amount of electro- 
lyte. It must not be attacked by 
the electrolyte. Special electrolytes 


are required for polishing. 
Although the tampon was origi- 
nally devised for polishing the sur- 


tace of test samples or parts whose 
geometry did not permit the use of 
an ordinary polishing cell, it has 
been found to have numerous ad- 
vantages over other polishing meth- 
ods. It is extremely simple, it can 
locally polish any shape or size of 
material, and it eliminates deep 
etching at the periphery of the 
polished zone. 

The second phase of nondestruc- 
tive metallography involves the 
preparation of suitable replicas for 
microscopic examination. A varnish, 


SCANNING BRIDGE 


Robot hands for | 
ultrasonic flaw detection! 


This “‘tailor-made’’ scanning bridge is used with the SONORAY® flaw de- 
tector. It holds the transducer in the required position and also permits its 
adjustment. The transducer may be raised or lowered, tilted in 2 planes or 
moved to any position in the tank. 


Salient features: 
@ Ease of Operation (all controls are on one side and close to the operator) 
© High-Accuracy Positioning @ Light in Weight, but sturdy ¢ Economy Priced 


The scanning bridge is merely one of 


many outstanding examples of 


BRANSON ingenuity. This bridge was designed with the customer in mind! 
It was well-engineered at the lowest possible cost. The next time you have a 
problem, call BRANSON and see how fast BRANSON will find the best solution 


in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN ULTRASONICS 


RANSON INSTRUMENTS, INC. | / 


¥ 


Ultrasonic Test Division 


6 Brown House Road, Stamford, Conn. 
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which consists of nitrocellulose, sol- 
vents and plasticizers is applied to 
the prepared surface. When the 
film is dry, it is stripped from the 
surface. This technique will repro- 
duce surface irregularities of the 
order of 10 to 20 A. The replicas 
are examined with the microscope 
either by transmitted or incident 
light. Reflectivity of the replica can 
be increased by evaporating a very 
thin layer of aluminum on its sur- 
face; this is necessary when very 
high magnification is required. 
Replicas can be adapted to electron 
microscopy by evaporating a layer 
of alumina or carbon on them. This 
produces a negative replica which is 
handled in the usual manner. 

R. L. ANDERSON 


Effect of Thermal Cycling 
on Rene 41 and Astroloy 


Digest of “Structural Dam- 
age in Thermally Cycled René 
41 and Astroloy Sheet Mate-. 
rials’, by D. P. Moon, J. A. 
VanEcho, W. F. Simmons and 
J. F. Barker, DMIC Report 126, 
Feb. 29, 1960, Defense Materials 
Information Center, Batelle Me- 
morial Institute. 


HE QUESTION OF DAMAGE caused 
by cycles of alternate heating and 
cooling in flight is of great impor- 
tance for materials in high-speed air- 
craft. It is particularly pertinent 
in precipitation hardened alloys 
which, during cycling, may encoun- 
ter temperatures greater than nor- 
mal operating temperature. To 
answer this, a study was made on 
René 41 and Astroloy, two precipi- 
tation hardened nickel-base alloys. 
Tested in the form of 1/16-in. thick 
sheet, treatment consisted of soaking 
briefly at 450° F., loading to speci- 
fied stress, heating to 1350° F., and 
thermally cycling. Each thermal 
cycle consisted of holding at 1350° 
F. for 60 min., heating to the upper 
test temperature in 30 sec., holding 
at temperature for 15 sec., and cool- 
ing to 1350°F. in 30 sec. The 
upper test temperature was 1875° 
F. (an “A” cycle) or 1750°F. (a 
“B” cycle). René 41 specimens 
were exposed to 10 and 100 “A” 
cycles under a stress of 3000 psi. 
and to 10 to 100 “B” cycles under 
a stress of 6000 psi. Astroloy speci- 
mens were exposed to 10 “A” cycles 
under a stress of 5000 psi. 


METAL PROGRESS 


is 
{ 
| 
| 
i 
: 
i 
we 
‘ 


MARCH 1961 


on oil drill nozzles! 


Abrasion was causing hardened steel and 
even special alloy mud nozzles to wear out too fast. 
A metal exceptionally resistant to the 

scouring action of drilling mud was needed. 


V-R CARBIDE solves the problem 


Nozzles made of V-R carbide now far exceed 

the life of previously used metals. This is an example 
of creative engineering at Vascoloy-Ramet where 
metals are developed to meet physical speci- 
fications. Characteristics such as abrasion 

and corrosion resistance, dimensional stability, 

high density and strength are properties that 

are produced in varying degrees in V-R 

sintered or alloyed metals. Send us your 
specifications for your custom metal needs. 


CREATING THE METALS THAT SHAPE THE FUTURE 


) VASCOLOY-RAMET 


48 MARKET STREET . WAUKEGAN, ILLINOIS 
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... Of B&P capability 
to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include... 

* cooler plates * radar reflectors 
* communication equipment covers 
* radar reflector bases * equip- 
ment housings tripods radar 
plotting equipment ® shelters 
* transit cases * gun fire control 
housings and turrets 

When you need lightweight 
products or assemblies for elec- 
tronic equipment, take 
advantage of B & P’s ex- 
perience and capability. 


BROOKS & PERKINS, INC. 
1958 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 
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Thermal Cycling . . . 


Exposure of René 41 to 10 “A” 
cycles under a stress of 3000 psi. 
has no significant effect on the stress- 
rupture life (20,000 psi.) at 1650° 
F. One hundred “A” cycles under 
the same conditions decreased the 
stress-rupture life on the order of 
15%. Ten “B” cycles increased the 
stress-rupture life about 25% while 
100 “B” cycles increased it about 
15%. Under all four sets of condi- 
tions there was significant decrease 
in tensile and yield strengths at room 
temperature and 1400° F. 

Exposure for 10 “A” cycles caused 
agglomeration, migration to grain 
boundaries, and partial resolution of 
the Ni; (Al, Ti) precipitate. Simul- 
taneously, there was noticable oxi- 
dation and alloy depletion on the 
surface. After 100 “A” cycles, reso- 
lution of the Ni, (Al, Ti) precipitate 
was nearly complete, and alloy de- 
pletion was more extensive. After 
exposure to the “B” cycles, overag- 
ing was apparent. 

Exposure of Astroloy to 10 “A” 
cycles under a stress of 5000 psi. had 
no significant effect on tensile and 
yield strengths at room temperature 
and 1400°F. Stress-rupture life 
(30,000 psi.) at 1650° F. was in- 
creased on the order of 35%. How- 
ever, noticeable overaging of the 
alloy in addition to oxidation and 
alloy depletion on the surface indi- 
cates the possibility of significant 
damage with additional cycling. 

C. O. SmitH 


Vapor Deposition of 
Metal 


Digest ot “Vapor-Phase De- 
posited Metal Coatings on In- 
duction-Heated Steel”, by Yu. 
V. Grdina and L. T. Gordeeva, 
Izvestiya VUZ-Chernia Metal- 
lurgiya, No. 7, July 1959, p. 97- 
100; Brutcher Translation No. 
4766. 


FREQUENCY CURRENTS can be 
used to heat metals being vapor 
plated. In fact, induction heating 
accelerates the processes taking 
place in steel thus heated. In addi- 
tion, induction heating has a number 
of specific advantages: 
1. The component can be heated 
to only the depth required. Thus, 
the underlying metal can be given, 


development of a_highly- 
advanced, new process for 
producing hard metals. 


CLEC-ITE 


granular tungsten 
carbide 


the leader of CleMet Products’ 
new line of hard metals 


5 uniform grain sizes of 
improved toughness and 


high strength 


e Maximum abrasion- 
resistance 


e For application in the 
petroleum, agriculture, 
construction and mining 
industries whose equipment 
is subject to extremely 
rugged, abrasive duty. 


CLEC-ITE 
Shipments packaged 
to customer speci- 

eieMen fication. Prices 


available upon re- 
quest to your 

CleMet representa- 
tive. For further 
information contact 


» 


PRODUCTS 


A DIVISION OF CLECO AIR TOOLS 
5125 Clinton Drive * Houston, Texas 
ORchard 2-1761 
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LOW DEW POINTS HELD FOR CRUCIAL WORK 


Shown above is Harper’s new version of the hump- 
type mesh belt furnace. Featuring several design inno- 
vations and improvements, it’s engineered to provide 
low dew point atmospheres for continuous brazing, 
annealing, hardening, and sintering. 


Materials to be treated can be light or medium 
weight —in multiple sizes and shapes. The work can 
be loaded directly on the belt or in lightweight baskets 
or carriers. With the elevated heating chamber pro- 
viding a natural atmosphere seal, far less hydrogen or 
dissociated ammonia is consumed than with a straight- 
thru furnace. Variable speeds permit treatment of 
materials of different thicknesses and time-temperature 
requirements. 

Available in both electric and gas heated models, 
these modernized hump-type mesh belt furnaces are 


ideally suited for processing a variety of metals in the 
electronic, aircraft, guided missile, space vehicle, 
nuclear energy, and other fields. They’re representa- 
tive of the way in which Harper is continually updating 
its complete lines of box, pusher, mesh belt, roller 
hearth, bell and elevator furnaces. 


Detailed information can be obtained by writing 
for new illustrated Bulletin HMB-60. Harper Electric 
Furnace Corp., 40 River St., Buffalo 2, N. Y. 


GAS FURNACES 


FOR BRAZING, SINTERING, ANNEALING, HARDENING, AND FORGING IN RESEARCH AND PRODUCTION 
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Vapor Deposition 


by a preceding treatment, the best 
possible structure and properties. 

2. Because of the high tempera- 
ture and the short holding time, the 
surface of the metal or alloy can be 
saturated with the plating metal to 
the fullest extent. 

3. It is simple to heat treat only 
certain parts of the component if 
necessary. Long objects, such as 
tubes, strip, and wire, are also easily 
treated. 

Since induction heating holds con- 
siderable promise, processes for gas 
carburizing and cyaniding have al- 


ready been devised. Work has also 


covered spray coating with liquids 
and metal coating with pastes, the 
workpieces being induction heated. 
This paper describes diffusion 
coating with chromium, aluminum, 
silicon, tungsten, molybdenum and 
also chromium-aluminum combina- 
tion coating from chloride atmos- 
pheres of Armco iron, carbon steel 
with 0.64% C, and special alloys. 
For induction heating, 40 kiloamp. 
and a frequency of 500 cycles per 
sec. was used. The specimen was 
placed into a silica tube through 
which chlorides of the coating metal 
were passed. Gaseous chlorine was 
obtained by reaction of concentrated 
hydrochloric acid with potassium 
permanganate. After cleaning and 


ACCURACY? 
BLADE COST? 


Payoff End of a Production Marvel 


A cut-off saw’s value is proven at the discharge 
end of the machine. How quickly the trough is 
filled with accurately cut-off pieces can mean the 
difference between profit and loss on many jobs. 

The R. J. Sudrick Co., Des Plaines, Illinois, 
manufacturers of precision aircraft components 
had to cut-off 4600 blanks from 34%” round, 303 
Stainless Steel Bars. 

They bought our Marvet No. 6A4 High Speed 
Heavy Duty Automatic Bar Feed Hack Saw 
Machine; used Marve High-Speed-Edge Hack 
Saw Blades, and got the high production, ac- 
curacy and economy they 


PRODUCTION? Constont at 20 pieces per hour floor to 


Held well atte the permissible toler- 
ance of +.010 —.000 


Just 1%¢ per cut. Only twenty-three 
MARVEL blades were needed to make the 
4600 cuts, and not a single blade failure 
due to blade breakage. Marve. High- 
Speed-Edge Blades are unbreakable. 


The point is this: Marvet Metal Cutting 
Hack Saws equipped with MaRrvEL High-Speed- 
Edge Hack Saw Blades are an unbeatable 
combination for economical, accurate and safe 
cutting-off. 

If your hack saws are not producing the 
economy you need to meet today’s competition, 
try marvet High-Speed-Edge Blades. They 
will give you the competitive edge every time. 
Write for Catalog C-85 which has the complete 
story on MARVEL Hack Saws and Band Saws, 
Hack Saw Blades and Band Saw Blades. 


ARMSTRONG-BLUM MFG. CO. 


5700 W. BLOOMINGDALE AVE., CHICAGO 389, ILL. 
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drying, this chlorine passed into the 
heated furnace where it reacted with 
the metal powder already there 
(having been placed in the furnace 
before). The metal chlorides then 
passed on through a tube to the 
specimen and enveloped it; the coat- 
ing was formed when the chloride 
decomposed. 

In subsequent tests, the metals 
were in the pure powder form or as 
high-percent ferroalloys. Before 
coating, specimen surfaces were 
ground and cleaned with benzene 
or alcohol. Gaseous chlorides were 
formed at 600 to 650°C. (1110 to 
1120° F.) for aluminum, and at 940 
to 960°C. (1725 to 1760° F.) for 
the other metals. The specimens 
were held, during the coating oper- 
ation, for 8 to 30 sec. at 1000 to 
1100° C. (1830 to 2010°F.) with 
intermittent current. When coating 
with silicon, chromium and alumi- 
num, the authors obtained diffusion 
coatings about 0.2 mm. (0.008 in.) 
deep within 8 to 9 sec. When coat- 
ing with tungsten, a layer of the 
same depth required 15 sec. 

Metallographic examination of 
chromium coatings revealed a con- 
tinuous bright surface layer consist- 
ing of a solid solution of iron and 
chromium. Toward the interior, 
there is an intermediate  dark- 
colored layer of eutectic (or eutec- 
toid) joining the first layer with the 
core. The durk layer usually be- 
comes more pronounced and thicker 
as the carbon content increases. 

In conclusion, it is possible to coat 
(by gas diffusion) such metals as 
chromium, aluminum, molybdenum, 
tungsten, silicon and chromium- 
aluminum jointly on induction heat- 
ed steel. The rate is several hun- 
dred times higher than that for fur- 
nace heating. C.R.W. 


Strain Energy Criterion 
for Fatigue Failure 


Digest of “Micro-Plastic Strain 
Hysteresis Energy as a Crite- 
rion for Fatigue Fracture”, by 
C. E. Feltner and J. Morrow. 
Paper 60-MET-2, presented at 
the A.S.M.E.-A.W.S. Metals En- 
yee Conference, April 1960, 

s Angeles. 


ATIGUE DESIGN IS PRIMARILY BASED 
on a Stress criterion with allowable 
stresses obtained from an S-N curve 
determined under conditions ap- 
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CARBIDE 


NE W ALZ- IN-ONE “MIG” WELDING EQUIPMENT 


Welding equipment is designed, developed and refined, but eventually it must be redesigned. 
LINDE’S new SIGMATIC line of “Mig” welding equipment is a product of this evolution . .. plus 
LINDE’S vast experience with more inert-gas and consumable-electrode processes than any 
other company in the world. The SIGMATIC line is the most-versatile semi-automatic equipment 
available anywhere—one machine for: 

... all types of “Mig” welding—spray arc, short arc and spot welding 

...in all welding positions—vertical, overhead or downhand 

... with all shielding gases —argon, helium, CO., or their mixtures 

...and all wires—hard or soft, solid or tube 

...on all weldable metals —carbon steel, stainless, cluminum, magnesium, titanium 
...on all thicknesses—sheet metal and up 
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One SIGMATIC machine for... spray arc... short arc... spot welding 


Spray arc, short arc, spot welding...never before combined in a single piece of 
equipment. SCC-8 control incorporates special spot-welding circuitry, featuring a 
directly-calibrated, precision weld timer and an independently-adjustable, “‘non- 
stick” timer. Converts from spot to continuous fusion welding at the flick of a 
switch. SEH-2 heavy-duty wire-feed unit—largest, most-rugged unit available to- 
— day—permits positive feed of all Mig’ wire types, metals and diameters. The 
SIGMATIC line contains five basic units, designed with interchangeable parts per- 
mitting more than 50 combinations tailor-made to individual specifications. 
Available in cart-, sled- or bench-type units. 
Unique controls are vastly simplified. All components are visible and accessible. 
yaa Adjustments can be made with a screw driver. Only heavy-duty industrial-type 
Sse: parts are used throughout each unit to insure dependable, long-life performance 
: with minimum maintenance. Top-quality parts—Square D” pneumatic timers, 
te Mallory electrolytic condensers, Cutler-Hammer switches, Potter & Brumfield relays, 
Electrons, Inc. thyratron tubes. The SIGMATIC line is unquestionably a major welding fi 
advance—with one rugged, durable machine, you can do any type of “Mig” weld- a © 
ing in any position on any thickness of any metal. For more information or a live 
demonstration, call your nearest Linde office. f 


UNION 
4 “Linde,” "Sigmaiic” and "Union Carbide” are registered co M PANY CAR BI DE 


trade marks of Union Carbide Corporation 
Division of Union Carbide Corporation 


270 Park Avenue, New York 17, N.Y. 


| 
* 
: 
4 
- 
+ 
= 


TUNGSTEN AND MOLYBDENUM 
New, big-size G-E Refractory Metals 


MASSIV 


sumable electrodes for vacuum arc melting, simple 
preforms, sheet slabs, tubes and other basic forms to fit 
just about any application for these unique metals in 
massive form. Plan now on PS metals from General 
Electric. Write for more information. General Electric 
Co., Lamp Metals and Components Dept., MP-31, 
21800 Tungsten Road, Cleveland 17, Ohio. 


General Electric PS Moly and PS Tungsten are pure 
metal powders, prepared by hydrogen reduction, cold 
pressed hydrostatically into basic products and strength- 
ened by sintering in a high temperature hydrogen furnace. 
You can now get pure PS (Pressed and Sintered) G-E 
Molybdenum and Tungsten in a variety of large shapes. 
For example—they’re available as forging billets, con- 


FORGE AND ROLL !T—Billets are avail- 
able in Moly up to 12” O.D. and 35” 
long; in Tungsten up to 9” O.D. and 
29" long. Slabs in Moly up to approxi- 
mately 12” width; in Tungsten up to 
approximately 9” width. Minimum den- 
sities: Moly 95%, Tungsten 92%. 


MACHINE IT—With proper techniques, 
G-E Molybdenum or Tungsten can be 
machined easily from billets, tubes and 
preforms. Density can be varied from 
65-95%—+3Z tolerance. 


Progress /s Our Most Important Prodvet 


MELT IT—For vacuum arc melting, 
General Electric PS Moly consumable 
electrodes are available in diameters 
from 1” to 12"; in PS Tungsten— 1" to 
7". Main features: high purity, density 
and straightness. Alloys of tungsten and 
molybdenum are available, too. 


GENERAL ELECTRIC 


MARCH 1961 


Circle 1241 on Page 48-8 


221 


f 4 
> i of 
| 


HOLCROFT 


Production 
Heat 


Treating 
Equipment 


For any of these processes: 


ANNEALING 

Vv BRAZING 

v CARBURIZING 

v CARBO-NITRIDING 

CARBON-RESTORATION 
v FORGING 

HARDENING 

SINTERING 

NORMALLIZING 

TEMPERING 


6545 Epworth Bivd., Detroit 10, Mich. 
Phone TY 4-5700 


44 YEARS OF ENGINEERING LEADERSHIP 


Fatigue Failure . . . 
proximating expected service as 
closely as possible. For fatigue lives 
of less than 10,000 cycles, however, 
there is evidence that the cyclic 
plastic-strain range (or the width of 
the hysteresis loop) provides better 
correlation with fatigue life than 
stress does. 

A preliminary attempt to corre- 
late the plastic-strain hysteresis 
energy with fatigue behavior has 
been made by measuring the micro- 
inelastic strains near the fatigue limit. 
Eight specimens of 4340 steel were 
tested in an axial fatigue machine. 

An analytical relationship between 
stress amplitude and fatigue life was 
derived on the basis of four assump- 
tions: (a) plastic-strain hysteresis 
energy is a measure of fatigue dam- 
age; (b) a logarithmic plot of true 
stress-true strain data is valid when 
extrapolated into the fatigue stress 
region; (c) the damaging energy per 
cycle for a given stress amplitude is 
constant, and equal to the area 


under a static stress-plastic strain 
curve; and (d) the total damaging 
energy for fatigue fracture is con- 
stant, and approximately equal to the 
area under the static true stress-true 
strain curve. 

The limited number of tests indi- 
cates that plastic-strain hysteresis 
energy may provide a basis for pre- 
dicting S-N curves with the static 
true stress-true strain curve provid- 
ing sufficient information to predict 
fatigue life at stress amplitudes near 
and slightly above the fatigue limit. 

The analysis expression predicts a 
longer life than observed in the high- 
stress region. This may be due to 
the rapid growth of the hysteresis 
loop. An adjustment could be made 
in the equation by incorporating the 
empirical hysteresis-loop  growth- 
decay relationship. 

In the low-stress region, the ana- 
lytical expression does not predict 
a fatigue limit, but falls well below 
the experimental S-N curve. The 
slight decay of hysteresis energy at 
these stresses indicates that damag- 
ing plastic-strain hysteresis energy 


“\ THERE’S STANWOOD EQUIPMENT 
TO HANDLE IT BETTER 
THROUGH HEAT TREATING! 


Whatever the part —large, small, odd shaped — 


there is a 


Stanwood basket, tray, fixture or other 


container to handle it through heat treating and 
quenching with maximum efficiency. Stanwood’s 


No. 393-— 

Fixture for handling 
small screw machine 
parts, made for a 
leading business 
machine manufac- 
turer. 


No. 391-— 

Small insert type re- 
tort, complete with 
fan and cover. Fan 
is electro dynami- 
cally balanced in 
Stanwood shops. 


broad experience can cut costs for you. 
Send for Catalog 61. 


No. 392-— 
High capacity fixture for 
handling mowing machine 
parts through carburizing. 


STANWOOD CORPORATION 


4817 W. CORTLAND ST., CHICAGO 39, ILLINOIS 


Representative in Principal Cities 
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World's 
Largest 
Gantry 
Furnace 
Facility... 


PHOTO COURTESY VOUGLAS «./IRCRAFT COMPANY 


For the first time... anywhere in the world... two gigantic gantry 
| DESIGNED i furnaces on the same track serve any one of TEN PIT STATIONS! 
L—--~-~---~-~-~-— a This towering installation by Pacific Scientific now in operation at the 
Douglas Aircraft Company’s Torrance, California facility, operates on 
B UILT A ND 157 feet of track. It is so completely automatic that only one operator 

is needed for each gantry. 


Designed for rapid-production heat treating, large missile components 


/ N: Ss TALLE D are quickly transferred from furnace to furnace to quench tank, under 
precision controlled atmospheres and temperatures. Heated parts are 
FOR shielded from air by pneumatically actuated sleeves which join the 


draw furnaces and quench tanks to the gantry furnaces during each 


DOUGL AS successive phase of the heat treating process. 


Huce SMALL STANDARD SPECIAL There’s a Pacific furnace for 


A IRCR AFT every heat treating requirement because Pacific engineers have the 
extensive, proved experience to recommend a standard or modified fur- 

red @) M P A NY nace, or to design a special new one, for any heat 
treating need known to industry. And as new tech- Free! 
niques and processes become necessary, you can ‘ 

BY depend on Pacific’s competent research and devel- Big 12-page 

opment staff to supply the logical, prompt solution. on Pacific 
A qualified Pacific field engineer is always available ee 
to discuss any heat treating job in your plant... modified 
simple or complex, for plant or laboratory... with- 
out obligation. Phone or write for complete data on yours for 


Pacific's highly diversified heat treating capabilities. 


GAS OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY, P.0. Box 22019, Los Angeles 22, Calif. 
Piease send me your new 12-page catalog and full information on 
Pacific Heat Treating Equipment. 


PACIFIC SCIENTIFIC COMPANY | 
y Office and Factory: 6280 Chale: Drive, Be!! Gardens, Calif if 
SAM FRANCISCO 
SEATTLE 
PORTLAND, OREGON 
ARLINGTON, TEXAS 
SAN DIEGO 
DENVER 


Creative 
Development and 
Manutacturing in 
Furnace Design 
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BRISTOL'S 


TRUMENTATION NEWS 


News of instrumentation and automatic control in modern industry 


New multi-million dollar plant »> 
gets Bristol instrumentation 


Bristol Electronic Dynamaster* Potentiometers play a vital 
part in the control set-up for the new fabricating plant of 
Anaconda Aluminum Company at Terre Haute, Indiana. 
They indicate, record, or automatically control tempera- 
tures in heat-treating, annealing, aging and soaking opera- 
tions in a wide variety of furnaces throughout the plant. 
Other versatile Bristol Electronic Dynamaster instruments 
measure conveyor speed and function as multiple-zone 
safety-limit controls. 

Comprising 11% acres under one roof, the new plant 
turns out aluminum sheets, extrusions, tubes, ingots, and 
stamped shapes. Permanent records are a big plus in plant 
operation, says the furnace department foreman. “When a 
customer has a complaint or praise, we can always check the 
Bristol records. There’s no guess-work involved anywhere.” 


Bristol Electronic Dynamaster* Pyrometers shown here record and control an 
annealing furnace at Anaconda Aluminum Company's new, multi-million- 
dollar Terre Haute, Ind., plant. This is one of many panels featuring Bristol 
Dynamaster instruments in this ultra-modern new plant. 


Bristol gets “deep dive diploma” on new Navy subs 


The Navy’s David Taylor Model Basin is using Gilmore Multichannel 
Strain Gage Plotters to assist in verifying the strength of new submarine 
hull designs. Gilmore Plotters, manufactured by Gilmore Industries, 
Cleveland, Ohio, are built around the basic Bristol Multi-point Dyna- 
master. Each new submarine design is tested by instrumenting the hull 
with strain gages and plotting strain vs load (depth). A plot is made at 
sea level and at 50-ft depth increments. A resultant straight-line plot 
for all stress points proves the design sound. 

The USS ALBACORE was the first submarine tested with results plotted 
on these units. The ALBACORE embodies new design concepts which 
have contributed significantly to the spectacular performances of more 
recent atomic submarines. Most recent was USS SKIPJACK. This use of 
automatic strain-recording equipment saves manpower and time during 
the actual dive and in the subsequent analyses of the results. 


Dynamaster* recorders monitor countdown variables 
in Titan missile blockhouse at Cape Canaveral 


A large bank of Bristol Dynamaster recording instruments is prominent 
among the equipment supplied by The Martin Company's Cocoa Divi- 
sion for this blockhouse for the Titan ICBM at the Air Force Missile 
Test Center, Cape Canaveral. Dynamaster electronic instruments are 
also in other phases of the Titan ICBM program at Martin’s Denver 
Division. Here they are used in the Propulsion Laboratory to check out 
kill parameters during tests, and also with the elevated temperature 
test equipment for aerodynamic flight simulation. 
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Electronic, nuclear ceramics development at p 
Westinghouse aided by flexible temperature 
control panel 


Bristol Round-Chart Program Controller, Double-Range Con- 
troller, Strip-Chart Recorder and Free-Vane Controller are tied 
into panel patchboard. 

This instrument panel was designed by Westinghouse to give ut- 
most versatility in furnace control at the Ceramic Materials Lab- 
oratory of Westinghouse Electric Corporation, Pittsburgh, Pa. 

Furnaces controlled here are used in development of ceramic 
materials, such as nuclear fuels, thermistors, ferrites, ceramic 
resistors and other speciality ceramics. These range from low- 

’ temperature (only 1000°F) short cycles to high-temperature 
(up to 3000°F) cycles involving three soaks over a 72-hour 
period. Bristol instruments are playing an ever increasing role 
in modern basic and industrial research. Make sure you have 
full details before you purchase another instrument for lab use. 


Dynamasters record vital data 
on new Army reactor 


World’s first mobile self-contained nuclear power plant and first 
U. S. gas-cooled reactor for generating power—these are the 
dual aims of the Gas-Cooled Reactor Experiment Program 
(GCRE-1), being carried out at the National Reactor Testing 
Station, Idaho, for the U. S. Army and U. S. Atomic Energy 
Commission by Aerojet-General Nucleonics. 

Bristol Dynamaster Potentiometer and bridge instruments 
have been selected by Aerojet-General, prime contractors and 
builders of both the reactor and its control stations, to record 
vital reactor data. °.5 


TECHNICAL DATA 


Extensive technical data on 
any Bristol instrument is 
yours for the asking. And, if 
you have special or unusual 
problems, our applications 
engineers will be glad to talk 
them over with you. 

Write: The Bristol Com- 
pany, 106 Bristol Road, 
Waterbury 20, Conn. 


An Electronic Dynamaster® 
Potentiometer for every application! 


Single-pen, two-pen, and multiple-record (up to 24 points) 
strip-chart instruments. 

One- and two-pen round-chart recorders. 

High-speed recorders (0.4 second). 

X-Y recorders. 

Extended range recorders. 

Adjustable span and zero recorders. 

Miniature 3-inch strip-chart recorders and indicators. 
Electric and pneumatic controllers in both strip- and 
round-chart models—all types of control action and as 
time-program control. 

5 Laboratory recorders—unmatched versatility for short- 
run testing. 

Telemetering transmitters. 

' Drum-type precision indicators. 

Multi-bank recorder—will accept up to 200 separate in- 
puts and record them on 12-inch wide strip chart. 
Selectomatic multiple point recorder that allows rapid 
changing of the number of points recorded. 

Most models are available in case that fits standard 19” ie 
relay-rack without modification to instrument or rack. 


*T. M. Reg. U.S. Pat. Off. 


BRISTOL 


for improved production through 
~ gmeasurement and contro! 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 
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Fatigue Failure . . 


dies out due to cyclic strain-harden- 
ing before the critical total plastic 
energy for fracture is attained. 

The limited evidence offers some 
hope that use of static true stress- 
true strain data can reduce the 
number of tests required to establish 
fatigue lives. Future investigation 
is necessary to establish the validity 
of micro-plastic-strain hysteresis en- 
ergy as a criterion for fatigue failure. 


C. O. SmitH 


Impregnating Steel 
With Titanium 


Digest of “Surface Impregna- 
tion of Steel With Titanium in 
Molten Salts’, by A. N. Minke- 
vich and A. Gvozdev, Izvestiya 
VUZ-Chernia Metallurgiya, No. 
2, February 1960, p. 151-156; 
Brutcher Translation No. 4842. 


N EXPERIMENTS CONDUCTED at the 
Moscow Steel Institute, the au- 
thors investigated the feasibility of 


titanizing surfaces in molten salt 
baths. Most of the research em- 
ployed a steel containing 0.08% C, 
but a medium carbon steel was also 
used in a few experiments. 

The researchers did their surface 
treating in a bath of molten sodium 
chloride containing 10 to 20% 
powdered TiOx, a titanium-oxygen 
compound whch was prepared by 
melting titanium powder with tita- 
nium dioxide in an inert atmosphere. 
(Nominally the TiO, alloy which 
resulted contained 10 at.% Oz.) 

Titanizing experiments were run 
in a vertical electrically heated tube 
furnace. A Nichrome crucible, 2% in. 
diameter by 6 in. long, contained the 
bath, and there were provisions for 
inserting and removing specimens 
and for maintaining a helium atmos- 
phere in the furnace. 

Specimens were treated from 1 to 
8 hr. at 950 to 1100° C. (1750 to 
2000° F.). The resulting surfaces 
exhibited a thin, hard outer zone up 
to 0.03 mm. thick, and a diffusion 
zone of coarse, columnar grain struc- 
ture ranging up to 0.4 mm. in depth. 

Microhardness, X-ray and analyti- 


cal approaches, used to determine 
the nature of the metallized case, 
showed that the surface layer was 
TiFe, containing 30% Ti, a hex- 
agonal structure. The diffusion zone 
was alpha iron with lattice expanded 
to accommodate the titanium atoms. 
Surface microhardness values ranged 
from 1000 to more than 2000 Knoop, 
giving rise to the conclusion that 
carbon diffusion into the case from 
the matrix iron served to produce 
some TiC. In fact, strong X-ray lines 
corresponding to TiC were observed 
in some specimens, _ particularly 
those which used medium carbon 
steels as experimental stock. Tests up 
to 120 hr. duration in 4% nitric acid 
indicated that titanized specimens 
had a high resistance to corrosion. 

The authors concluded that titan- 
izing of steel in molten salt baths 
takes place chiefly through direct 
contact between the surface of the 
steel and the fine powders of TiO, 
suspended in the bath, in spite of the 
presence of lower valence titanium 
ions (Ti+?) in the bath. This mecha- 
nism seems open to serious doubt. 

J]. L. Wyatr 


a new tmist in 


In this case, the tubing is 
beryllium (left), and zirco- 
nium (right), and the twist 
is in the helical fins. 
Whether the material is 
common or rare, the 
configuration simple or 


CUSTOM 


extruded tubing 


NMI's Custom Services Department is equipped by 
training and experience to help convert your problem 
into a product. Some recent jobs: 

e Melt, cast and finish-machine depleted uranium 
source shields for portable radiographic devices. 
Melt, extrude, draw and determine melting point 
of a zirconium-beryllium brazing alloy. 

Convert SAP type alloys to rod by compaction and 


extrusion. 


Coextrude 20-foot lengths of stainless steel on zir- 
conium, copper on zirconium, and stainless steel on 
copper. Test for bond strength and corrosion 


resistance. 


Convert chromium and chromium alloy billets to 


SERVICES 
rod. Machine specimens from rod and test for ten- 


DEPARTMENT sile strength. 


« Produce 50 feet of titanium-clad nickel wire. 
NMI's Custom Services Department can supply a 
pound of uranium shot, twenty extrusions, an 8-inch 
a arc melt or the services of a consultant for 1 hour, 1 
CONCORD, MASS., EMerson 9-5410 week or | year. Furthermore, the production facilities 


PRACTICAL SHAPES and know-how of Crowell Tube Company, a subsidiary, 


FROM NEW tons Cusom services Department for 
MATERIALS 


complex, one of Nuclear’s 
three extrusion presses* can 
handle it, and at least one 
of Nuclear’s 275 technical 
people has had experience 
related to it. 


ture describing the services and facilities of interest 


*A fourth is on the way. to you. 
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Kodak Industrial X-ray Film, Type AA 
and Type M in 16mm, 35mm and 70mm 
widths, 200-foot lengths 


Here is America’s preferred Industrial X-ray Film in a new con- 
venient form—in 200-foot rolls, and in three widths. Ready 
Pack rolls are the answer for panoramic or moving slit methods 
of radiography of thin-wall vessels and pipe, honeycomb, circum- 
ferential welds, etc. Unroll the needed film, cut it off, seal the 
ends with opaque, pressure-sensitive tape. You are ready to 
inspect aluminum or magnesium alloys, thin steels or anything 
where lead screens are not required. 

Ready Pack rolls are supplied on cardboard cores, 12 inches 
in diameter. The film is enclosed in a light-tight wrap-around 
sealed covering, without interleaving paper. It keeps clean and 
does away with darkroom loading. For processing, just separate 
the wrap along the sealed edge and remove the film. 

For further information or to order a supply, contact your 
x-ray dealer or write us for a Kodak Technical Representative 
to call. 


EASTMAN KODAK COMPANY 
X-ray Sales Division, Rochester 4, N.Y. 
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READY PACK ROLLS... 


7Omm x 200 feet 


35mm x 200 feet 


*16mm x 200 feet 


*For the present 
this size available 
only on a special! 


order basis. 
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NEW ENGINE WITH 
PACKS 1 HORSEPOWER 


Partly-fabricated stainless steel water jacket and valve pan beside a complete “TnT” 
Engine. Four-cylinder Tyce Taylor Engines of several displacements produce 
from 115 to 175 h.p., depending on needs of marine craft, racing and sports cars. 
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STAINLESS BLOCK 
PER POUND 


Lightweight cylinder block fabricated 
from Armco Stainless Steel sheets 
dissipates heat faster 


Cutaway shows stainless parts of the 


Concentrated power in a lightweight package. “Tal” Engine: Jacket, coolant galler- 
That's the new Tyce/Taylor “TnT” Engine pro- ies, valve pan, cylinders and heads, ex- at 
haust and intake ports, and spark plug Stee! 


duced by Tyce Engineering Corporation, Chula tubes. 

Vista, California. In its 135 cu. in. displacement, 

this compact power plant generates 175 h.p. It . 

weighs only 175 pounds. 
Most unique feature of this engine is a block a 

assembly fabricated from Armco 18-8 Stainless  -—-———————-———————~—~-~—~—~—~—~—~— 

Steel sheets. Thin gage components dissipate heat 

much faster, help hold down engine weight. Uni- 

form wall thickness minimizes “hot spots’ and 

pre-ignition; permits 14:1 compression ratio on 

regular gasoline. Heat resistance and corrosion re- 

sistance of Armco Stainless Steel also are impor- 


Armco Division 
Armco Steel Corporation 
1331 Curtis Street, Middletown, Ohio 


Please send your catalog, “Armco Stainless Steels.” 


é 
tant to the engine's durability. 

Consider the special advantages stainless steels i 
can give your product designs. Armco produces 
more than 50 different grades. For full information, 

Stete___.. 


call your nearest Armco Stainless Distributor or 
Armco Sales Office—or fill in and mail the coupon. 


ARMCO 


Armco Division 
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Model NMR-12E non-metallic resistor Harrop furnace. Mechanical 
or hydraulic elevator. Shuttle hearth also available. 


Harrop electric atmosphere furnace is designed 
for precision testing and small parts production 


Here is a furnace that is adaptable to many uses, 
such as crystal growing and firing of ferrites, titanates 
and similar electronic ceramic parts. Instrumentation 
can be supplied for any firing requirement, both in 
respect to control and to control forms affecting the 
time-temperature-atmosphere relations. 

Harrop NMR Series elevator furnaces are available 
in two firing chamber sizes .. . 12” x 16” x 12” and 
20” x 26” x 20”. They fire rapidly to + 2° F. accuracy 
within their range of 2000° to 2700’ F. Cooling can be 
quickly accomplished by an external sealed heat ex- 
changer to follow a program controller. 


Within the area of Harrop's broad 
scope and varied abilities, you 
may well find the solution to your 
problem relating to 
© the controlled application of 
heat 
the measurement of the effect 
of temperature 
To secure a prompt, objective eval- 
vation of Harrop's ability to help 
you .. . write Dr. Robert A. 
Schoenlaub, Director of Research, 
Harrop Precision Furnace Co., 3470 
East Fifth Avenue, Columbus 19, 


Gos-fired Harrop furnace, GFHT Series, available in both 
floor and elevator types. Range of setting spaces from 8” 
dia. and 14” height to 36” dia. and 48” height. Standard 
temperature range to 3300° F., higher if desired. 


HARROP PRECISION FURNACE CO. 


Dept. M (A Division of Harrop Ceramic Service Co.) 
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any size, shape or 


PORTABLE 


makes all Brinell 


HARDNESS TESTS 


quickly, 
= accurately, 


ANYWHERE! |) 


| Round, flat or unusual shapes 
or sizes are no problem to test 
with the King Portable. 
Rugged—lightweight, it tests 
metals from softest leads to 

toughest alloys having 
over 700 BHN. And it can be 
used anywhere, accurately! 


Write for complete 
information and specifications. 


KING TESTER CORP. 446 N. 13th Street, 


Certain areas open for representatives Philadelphia 23, Pa. 
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when it 


you know the temperature! 


new 
THERMOMELT 


TEMPERATURE 
INDICATORS 


The easy modern way to determine exact working temperatures! 


Just mark or stroke the surface with 
THERMOMELT ... when it reaches the desired 
temperature, the mark liquefies. There’s no guess- ; 
work, no wasted time or material... | With Handy 
THERMOMELT is the quick, precise way to Adjustable 
determine heating temperatures. Accurate to Holder 
within +1%. 


A Stik For Every Temperature from ' ALSO AVAILABLEIN LIQUIDS 
113° F. to 2000° F. AND PELLETS for inaccessible 
or hard-to-measure applications. 
ature pellet sample (indicate 
Made by the Manufact of Markal Paintstik 
temperature desired). Markers and 


A AL CO. 3118 West Carroll Avenue Chicago 12, Illinois 
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-Become technically 


informed on... 


CORROSION 


aod 


with this NEW MEI COURSE 


This 15-lesson course treats both the fundamental and 
practical aspects of corrosion in numerous environ- 
ments. Chemical, mechanical, electrical, and metallurgi- 
cal factors are discussed. You'll learn about temperature 
and stress effects, testing procedures, as well as the pros 
and cons of numerous alloys in severely corrosive media. 


In practically every industry, corrosion is a costly and 
troublesome problem. Now in a new, up-to-the-minute 
MEI home study course, also suitable for in-plant train- 
ing, a recognized authority, Dr. Mars G. Fontana, has 
provided fifteen information-packed, clearly-written 
lessons on corrosion. The experienced MEI staff stands 
ready to lend their assistance and guidance to help you 
earn your certificate of completion on this subject, one 
so vital that American industry pays big premiums to 
its technical masters. 


Dr. Fontana graduated from the University of Michi- 
gan with a B.S. in Chemical Engineering, and a Ph.D. 
in Metallurgical Engineering. From 1934 to 1945 he 
served as metallurgical engineer and supervisor in the 
Engineering Department, E. I. du Pont de Nemours and 
Co., Inc., Wilmington, Delaware. He is presently Profes- 
sor and Chairman, Department of Metallurgical Engi- 
neering; Director, Corrosion Research Laboratories, En- 
gineering Experiment Station, Ohio State University. 


Metals Engineering Institute 


a division of the 


AMERICAN SOCIETY FOR METALS 


Metals Park, Novelty, Ohio 


MARCH 1961 


w 


Nowe 


LESSON TITLES 


. Nature and Extent of Corrosion 
. Electromotive Force and Galvanic 


Series 


. Galvanic, Concentration Cell, and 


Uniform Corrosion 


. Pitting and Intergranular Corrosion 
. Stress Corrosion 


Erosion—Corrosion 
Parting, Cavitation, and Fretting 
Corrosion 


Dr. Anton de S. Brasunas 
Director 

Metals Engineering Institute 
American Society for Metals 
Metals Park, Novelty, Ohio 


8. 
9. 


Corrosion Testing 
Corrosion Tests 


. Corrosion by Sulfuric Acid 
. Hydrochloric and Nitric Acids 
. Corrosion by Various Other Environ- 


ments 


. Alloying for Better Corrosion Re- 


sistance 


. Combating Corrosion 
. High Temperature Corrosion 


Please send me complete information about MEI’s new Corrosion Course, at 


no obligation. 


Name 


Address 
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Leading off our March report on Producing for the New Technologies 
s “Metals and Fabrication Methods for the B-70” (p. 70). Written by 
Wayne A. Reinsch, this article reveals for the first time the details on 
types of metals and the 
precision techniques used 
in fabricating the B-70. 
Now supervisor of material 
and process engineering at 
the Los Angeles Div. of 
North American Aviation, 
Inc., Mr. Reinsch studied 
at Stanford University, re- 
ceiving his B.S. degree in 


chemical engineering in 
a vacuum pump 1946 and his M.S. in phys- 
ical metallurgy a vear later. 
as dynamically He was employed on engi- 
balanced neering structures materi- 
als for Chance-Vought 
Aircraft for five years, 


then in 1955 joined North 
American. 


Active in several tech- 


nical organizations, he 
currently on the Los 
Angeles Chapter @ executive committee and program chairman for the 
1961 Western Metal Congress. 

His other interests, besides his family (Marjorie, his wife, and two 
sons, Steven 11 and Jack 16), are golf, fishing, hiking and oil painting. 


Surface decarburization as a means for toughening sheet surfaces in 
missile cases is suggested by John M. Lynch in his article on p. 78. Since 
1 give you years 1958, he has been a development engineer specializing in heat treating at 
‘- of vibration- ree, superior Aerojet-General’s solid rocket plant in Sacramento, Calif. He first worked 
A tion, Stokes Series H in the applied studies department of the Polaris project designing fixtures 

icrovac pumps are the 
most advanced in their class. - and developing heat treating processes. More recently has been assigned 
Exceptio: , Stokes to materials research and development, dealing with heat treating tech- 


pumps take up 50° less floor niques and fixtures for solid-fuel rockets and missiles. In the photo, he is 


space than conventional shown (on the right) with H. C. Olson who is in charge of the heat treat 
vacuum pumps. process at Aerojet. 
A Learn all the reasons why A 1949 graduate of Fordham University with a B.S. degree in science, 


a offers you more pump- 

ormance per dollar. 
write: Vacuum Equip- 
aon Division, F. J. STOKES. 
CORPORATION, 5500 TABOR 


STOKES 


Circle 1272 on Page 48-B 
230 METAL PROGRESS 


— 
W 
‘ 
* ig 
2 
ong 
ag 
for your free { 


he continued his studies at the R.C.A. Institute in New York and com- 
pleted extension courses. (He also taught an extension course in elec- 
tronics.) He was in the heat treat section of the material control laboratory 
of Pratt and Whitney Aircraft for 54% years before joining Aerojet. 


“Materials for Uncooled Rocket Nozzles” (p. 81) is based on work car- 
ried out by A. V. Levy while he was manager of materials and fabrication 
engineering, at the Aircraft Div. of Hughes Tool Co. in Culver City, 
Calif. Now with Aerojet-General Corp. in Sacramento, Calif., he heads 
the materials research and development department at the solid rocket 


plant. He joined Hughes in 1959, after eight years as supervisor in the 
materials and processes section for Marquardt Corp. Before that, he 
studied at the University of California in Berkeley where he received his 
B.S. degree in engineering in 1950 and his M.S. in physical metallurgy 
a year later. 


W. M. Boam is well-qualified to discuss the materials problems in 
design and fabrication of the liquid-fueled Titan ICBM — he is assistant 
department head of research and materials department at Aerojet-Gen- 
eral’s liquid rocket plant, in charge of projects covering the development 

and application of metals 
and nonmetallic material 
for liquid-fueled rocket 
engines. He received his 
degree in metallurgical en- 
gineering from the Mon- 
tana School of Mines in 
1942, and for 15. vears 
worked in the aircraft en- 
gine field material 
problems. 

His others interests are 
not too surprisingly cen- 
tered on his teen-age sons, 
Peter and Jeff — and now 
include bass fishing, pho- 
tography and football. His 
wife Flora and four-year 
old Pam complete the 
family. 
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ROTARY SLITTERS 


If your slitting requirements call for 
coil widths from 12” to 60”, in gauges 
from .015" to .250”, the economy of 
purchasing Yoder Slitting Machinery 
can be yours. Operating a Yoder Slitting 
Line only one eight-hour shift per week, 
for example, could easily produce 35 
tons of slit strands per week... or 1,820 
tons every 52 weeks. At a slitting cost 
saving of only /2¢ per pound, the annual 
savings would amount to $18,200. 


Additional savings can be realized 
through lowered inventory of mill-width 
coils—less waiting for delivery of 
special slit widths. Also, customer 
satisfaction will increase as you 
achieve faster completion and delivery 
of finished products. 


At your request a Yoder sales engineer 
will study your plant operation to deter- 
mine what equipment would most 
economically...and profitably... 
serve you, whether it be standard com- 
ponents or a completely specialized 
and engineered line. 


Send for Yoder’s illustrated text on slitting 
operations and equipment. It describes methods, 
time studies, operating cycles, material han- 
dling, and gives full specifications. 


THE YODER COMPANY 
5595 Walworth Avenue «+ Cleveland 2, Ohio 
SLITTING 
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INSTRUMENT CHARTS 


Strip charts available in 3, 4 and 12 inch 
widths, circular charts in 8, 10 and 12 
inch diameters. Made to resist expan- 
sion, shrinkage, humidity, dryness and 
heat. Close control of sizing gives clear 
record lines with minimum pen pressure. 
Charts are among the many thousands 
of accessories—all from a single depend- 


able source—that 
can help your in- 
struments per- 


form at thei very 
best. 


Get details from 
your Honeywell 
field engineer, or 
write today for 
Catalog G100-6. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
in Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
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“Brazing Missile and Electronic Components in Dry Hydrogen” is the 
first part of a comprehensive report by Harry E. Lewis, president and 
general manager of Pyromet Co., in San Carlos, Calif., in which he covers 
the many factors to be considered for successful brazing in dry hydrogen. 
He has had over 30 years’ experience in designing furnaces and setups 
for specialized brazing and heat treating applications, in studying metal- 
lurgical characteristics of brazed joints and in developing the use of 
controlled atmospheres — including a long tenure with General Electric. 


L. A. Hauser and M. C. Metzger, two metallurgical engineers in the 
technical service department of Universal-Cyclops Steel Corp., offer 
suggestions on how to solve some of the problems of machining space-age 
metals on p. 97. Mr. Hauser (shown below, right, with Mr. Metzger) has 
been with Universal-Cyclops for over ten years, first as superintendent 
of the metallurgical laboratory and since 1956 as metallurgical engineer, 
specializing in toolsteels. He received his B.S. (1940) and M.S. (1949) 
degrees in metallurgical engineering from the University of Pittsburgh. 


Although fishing has been his lifetime hobby, he has acquired a liking 
for golf in the past few years and that sport now takes up much of his time. 

Mr. Metzger, who joined Universal-Cyclops as a mill metallurgist in 
1952, specializes in the superalloys. He graduated from Fenn College 
in Cleveland with a B.S. degree in metallurgical engineering, and then 
worked 12 years for Thompson-Ramo-Wooldridge, Inc., as a metallurgist 
and chief engineer in the Metpro Div., where he was mainly concerned 
with high-temperature metal applications. 

He’s on the roster of several technical groups and is on committees for 
A.S.M., A.S.T.M., A.LS.I. and §.A.E. His off-hours are spent with his 
family — he helps his two sons with their stamp and coin collections — 
and in active exercise — golfing and swimming. 


“Materials and Fabrication Methods for the Bomarc” (p. 107) was 
written by R. H. Nelson in conjunction with several engineers from Boe- 
ing Airplane Co. in Seattle, Wash. Now manufacturing manager of the 
Bomarce program, he received his B.S. in aeronautical engineering from 
the University of Minnesota and since 1934 has been with Boeing, working 
on all phases of aircraft design and, during the Second World War, as 
project engineer in charge of all B-17 engineering. Entering the missile 
field in 1946, he was assigned as project engineer for the GAPA program, 
directing the design development and testing of more than 100 missiles on 
this project. He took part in the conception of the Bomarc weapon system 
and was assigned as project engineer in 1950. He took his present post 
three years later, and is now responsible for the development of the Boeing 
team manufacturing IM-99 experimental and production missiles. 
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The author of “Brazing Ceramics to Metals” (p. 126), Leon Lerman, 
has specialized in the ceramics field since receiving his degree in ceramic 
engineering from New York State College of Ceramics in 1939. He 
joined Sylvania Electric Products Co. in 1957 and is head of the 
chemistry, metallurgy and ceramics branch of the microwave components 
laboratory at Mountain View, Calif. He has also taught ceramic tech- 
nology at San Jose State College. 

His favorite pastime is bridge, though picnicking rates a close second. 
With his wife, son and daughter (when she is home on vacation from Mills 
College), he enjoys outings on the Monterey Peninsula. 


David K. Davies, author of “Design and Manufacture of Reactor 
Vessels” (p. 101), has more than 12 years’ experience with atomic energy 
components at Babcock & Wilcox Co.’s Boiler Div. in Barberton, Ohio. 
A graduate of Lehigh University (in 1948), he began his career with 
B&W as a design engineer, primarily concerned with the stress analysis 
and design of high-pressure, high-temperature vessels for process equip- 


ment and nuclear reactors. His work has involved submarine reactors, 
materials testing reactors, as well as other steam-generating equipment 
utilizing nuclear fuels. 

Mr. Davies, now section manager of nuclear components propositions, 
admits that golf is his favorite hobby — when his four children, Catherine, 
Thomas, Ruth and Megan, can spare him the time. 


John V. Long, director 
of research for Solar Air- 
craft Co. discusses “Re- 
fractory Coatings for High- 
Temperature Protection” 
on p. 114. 

A graduate in physics 
from the University of 
California at Los Angeles, 
he has directed the work 
at Solar’s research labora- 
tories since 1951, and cur- 
rently is involved in de- 
veloping better joining 
methods for new alloys 
and materials, and work- 
ing on heat and corrosion 
resistant protective coat- 
ings and on high-strength 
structures for industrial 
and aerospace use. 
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Lanthanum through 
Lutetium... 


INDsAY.. 
RARE EARTH 


and 


YTTRIUM 


METALS 


If you need metallic forms of the rare earths, 
you will find it worthwhile to look seriously 
at lanthanum through lutetium, together 
with yttrium. 


These LINDSAY materials round out the in- 
dustry’s largest variety of rare earth products 
from one source. 

For metallurgical, electronic, semiconductor 
and research uses, and for applications 
requiring these metals os direct additions to 
alloy systems or as convenient starting mate- 
rials for synthesis of exotic rare earth com- 
pounds, check with us for your needs. 


Normal research quantity inventories ore 
in the form of ingots of 99.9% purity, this 
purity being in terms of the content of the 
major rare earth in the total rare earth metal 
present. Non-rare earth impurities consist 
largely of small amounts of oxygen. Yttrium 
metal is available in several forms, and we 
suggest that you write for our bulletins on 
“Rare Earth and Yttrium Metals” for details. 
They will be sent to you promptly on request. 


Feel free to discuss with us your thoughts 
and problems on the use of Linosay rare 
earth and yttrium metals. Nearly 60 years of 
experience in the rare earth field backs up 
our ability to help you. We may be able to 
save you time, and get you off to the right 
start in your use of these materials. 


LInDsAYy 
RARE EARTH AND YTTRIUM METALS 
are products of 


American Potash & 
Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 
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Acheson Colloids Co. .........sc00. 160 
Ajax Magnethermic Corp. ....... — 
Alan Wood Steel Co. .............. 
Aldridge Industrial Oils, Inc. ...... 156 
Allied Research Products, Inc. ..... 134 
Alnor Instrument Co., Div. of Illinois 
Testing Laboratories, Inc. ........ 1 
Aluminium Limited Sales, Inc. ...44-45 
Amchem Products, Inc. ...... 23A-23B 
American Gas Association ......... 23 
American Gas Furnace Co. ........ 135 
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23C 
American Optical Co. .............. 158 
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American Society for 
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Armstrong-Blum Mfg. Co. ......... 218 
162 
Barber-Colman Co., 

Wheelco Instrument Div. ........ 17 
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179 
Bethlehem Steel Co. ........... 137, 209 
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Branson Instruments, Inc. ......... 214 
Brooks & Perkins, Inc. ....... 000. 216 
Cambridge Wire Cloth Co. ........ 6 
Carpenter Steel Co. 153 
Carpenter Steel Co. ............. 10, 30 
Chambersburg Engineering Co. ....198 
Clark Inetrument, IN. 204 
Clemet Products, 

Div. of Cisco Alr Tools 216 
Cleveland Metal Abrasive Co. ..... 168 
Commercial Steel Treating Corp. .. .163 
Consolidated Vacuum Corp. ...... 153C 
Conversion Chemical Corp. ........ 181 
Cooke, Troughton & Simms, Inc. ...180 
Copperweld Steel Co., ..... Back Cover 
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170 


Eastman Kodak Co., 
Graphic Reproduction Sales Div. . 41 
Industrial X-Ray Div. .......... 225 
Easton Metal Powder Co., Div. of 


American Mannex Corp. ......... 192 
Eclipse Fuel Engineering Co. ...... 187 
Electra Products Co. .............. 186 


Electric Furnace Co..Inside Back Cover 
Electro-Alloys Div., 

American Brake Shoe Co. ....... 2 
Engineered Precision Casting Co. .. .187 


48 
General American 

Transportation Corp. ........... 35 


General Electric Co.. 


Apparatus Sales Div. ............ 211 

Lamp Metals & Components Div..221 

Metallurgical Products Dept. ....23E 
General Extrusions, Inc. ........... 185 
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184 
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Instrument Development 
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International Nickel Co., Inc. .100A, 207 
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Kemp Manufacturing Co. .......... 141 
Kent Cliff Laboratories Div., 
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Kinney Vacuum Div.. 


New York Air Brake Co. ........ 178 
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Leeds & Northrup Co. ............. 54 
Lindberg Engineering Co. ......... 213 
Lindberg Steel Treating Co. ..... 12-13 


Linde Company, Div. of Union 
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Malayan Tin 39 
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Metals Engineering Institute ...... 229 
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The EF direct gas fired, forced circulation, 
roller hearth annealing furnace pictured below 
anneals 10,000 lbs. of 3s’’ to 6’’ O.D. copper 
or copper alloy tubing per hour; lengths up to 
36 feet, temperatures from 275°C. to 850°C. 

Non-ferrous and ferrous wire, rods and bars 
are also frequently heat treated in furnaces of 
this type. When closer atmosphere control is 
needed, EF roller hearth furnaces of generally 

Roller ne rth similar design are furnished either electrically 
| heated or radiant tube fuel fired. EF specially 
designed run-out tables simplify inspection, 


Fu rnaces sorting, boxing or strapping for shipment. 


You will find it pays to call the EF engineers 


for bright and scale-free anneal- for any annealing, normalizing, hardening, 


e carburizing, nitriding, carbon restoration, coat- 
ing copper and copper alloy, 


ing, brazing, sintering or other heat treating 
wire, rods, bars, tubing and other requirement. Our wide experience and exten- 


non-ferrous and ferrous products. sive research and development facilities are 
plus values that can shorten your path to low 


cost, profitable operation. 


THE ELECTRIC FURNACE CoO. 


Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES Chhed 
for Processing any Product, in any _ 
Atmosphere, any Hourly Output Required 


SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. © Canefco Limited, Scarborough, Ontario 
SALES REPRESENTATIVES—2842 West Grand Blvd., Detroit 2, Mich. * also 968 Coleman Rd., Cheshire, Conn. 
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IMPACT STRENGTH OF 
LEAD TREATED STEELS 


TORTURE 
TESTED 


ARISTOLOY STEEL DIVISION 


4013 Mahoning Ave., Warren, Ohio 


3500 TIMES 
PER MINUTE 


Switching to leaded* 
Aristoloy, Ingersoll-Rand 
was able to provide the 
high impact resistance 
3500 per minute) and 
transverse strength re- 
quired in these hammer 
case bushings. Use of 
leaded steel also cut ma 
chining time elimi- 
nated tearing by the 
forming tool .. . extended 
tool life 10% .. . and 
shortened grinding time. 
Find out about these free 
machining lead treated 
steels—write for LEADED 
STEELS CATALOG today. 


*Iniand Ledloy License 


DIVISION OF 
COPPERWELD 
STEEL COMPANY 


« EXPORT: Copperweld Steel international Co., 225 Broadway, New York 7, N. Y. 
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